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I. Introduction

An antenna array is composed of many elements whose excitation am-
plitude and phase can be individually adjusted to yield a desired pattern.
If all array elements operate properly, then well-known analytic techniques
can be used to find the optimum amplitude and phase of each element, to
vield a given beamwidth and sidelobe level. However, if any elements fail,
" then no analytic means exists to find the aperture distribution that compen-
sates for the degradation of the pattern. Element failures destroy symmetry
and cause sharp variations in the field intensity across the array aperture,
increasing the sidelobe level of the power pattern. The simplest solution to
this problem is to increase the taper of the array distribution in order to
lower the sidelobes back to the design level. Unfortunately, this solution
has several disadvantages. First, as the design sidelobe level for an array de-
creases, the sensitivity of the sidelobe level to a perturbation in an excitation
value increases. Second, changing the design taper may broaden the main
beam to an unacceptable level. Finally, merely increasing the taper does not
compensate for lack of symmetry or smooth out sharp field variations. Com-
pensation for the defective elements can be achieved, by numerically finding
the excitation of each nondefective element that optimizes some function.

This function must take into account the location of the failed elements.

The approach used in this study is to reformulate the optimization prob-
lem to take into account the element failures. An algorithm is developed that
synthesizes the amplitude and phase of each nondefective element in order to
produce the lowest sidelobe level for a given beamwidth. This algorithm can
alsc be used to find the element failure limits of any array. More specifically,
the algorithm can find the maximum number of elements bevond which it
is impossibie to recover lost performance. Also, the loss in performance can
be determined by the geometric arrangement of the failed elements. The

nurnerical implementation of the synthesis algorithm involves the minimiza-
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tion of a nonlinear function, which is the ratio of the sum of a set of peak
sidelobe power points to the power in the main beam. This minimization

will be carried out via a conjugate gradient method.




I1. Power Pattern With Element Failures

This analysis neglects the element factor end considers only the array
factor. No mutual coupling effects are modeled. Failed elements are deleted
from the array factor. T'.c «2'* time convention is understood, where w is
the angular frequer., i ti.o - xcitation with a freespace wavelength of 2.

Letting N denote ur ::nb r of nonfailed elements, the array factor (AF) is

_given by .
N _
AF = Z I el (ketnthyyn) (1)
n=1
where
ke = kosin(8) cos(¢) (2)
k, = kosin(8)sin(¢) (3)

and ko = 27/A,. The excitation of the nth element, denoted by I., can be
expressed by the complex quantity I, = un + jua, where /a2 + v yields the
amplitude and tan~!(v,/u,) yields the phase angle. The power pattern is
proportional to the square of the magnitude of AF.

The array is assumed to operate in either sum or difference mode. The
surn mode produces a peak in the pattern in the broadside direction and
the difference mode produces a null in the broadside direction. A possible
clement configuration to generate both types of patterns is shown in Fig. 1.
Sum mode operation allows all 37 elements to be independently controlled,
as shown in Fig. 1(n). The same array operating in difference mode has only
17 independently controlled elements, as shown in Fig. 1(b). This is because
half of the array elements are excited with their phase opposite from that of
the corresponding elements symmetric with respect to the center of the array.
If an element fails. then the symimetric counterpart is deactivated. This

cnsures a stationary beam null and a symmetric beam slope, independent of

the synthesis technique used.
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Fig. 1. Independently Controlled Elements for (a) Sum Pattern and (b) Differ-

ence Pattern
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The synthesis of the excitation values has three possible combinations:
synthesizing with amplitude only, synthesir*.. 3 with phase only, and synthe-
sizing with both amplitude and phase. It is well known that synthesizing
the lowest possible sidelobe level for a given beamwidth over a symmetric
aperture yields a uniform phase and a nonuniform amplitude distribution.
However, if the feiled elemcents yield a nonsymmetric array distribution, then
the optimal phase may not be constant. Phase synthesis with a constant am-
plitude was found by Deford and Gandhi {Ref. 1) to require an extremely - -
large number of elements to yield low sidelobes. A similar analysis by Peters
(Ref. 2) found that phase-only synthesis was not very effective in reducing
sidelobes for fixed-amplitude arrays. Therefore, both amplitude and phase
synthesis would seem to be required for the generation of a sum pattern.
Since the difference pattern prescerves the symmetry, amplitude-only synthe-
sis is required. The sum power pattern is given by

N N

2
P(6,¢.u,v) = Z:{uﬂ 205{¥n) — tn sin(v"}]] + [Z[un sin(¥n) 1 vn cos(ya)l {4)

n -1 n-l

where v, — k.7, + k,y, and the difference power pattern may be written as

N 2
P(6,¢.u) = [z Un sin(u",,)] . (5)

Note that the amplitude is allowed to be negative on the difference pattern,

since that involves only a simple phase shift.
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III. Minimizing Nonlinear Functions

Equations (4) and (5) indicate that the power pattern of the array is &
nonlinear function of the amplitude and phase of the excitation. Minimizing
the peak sidelobe level will require a mathematical technique that can handle
an nonlinear function. A multivariable quadratic function can be minimized
by the conjugate gradient algorithm developed by Hestenes and Stiefel (Ref.
- 3)._ An arbitrary nonlinear function can also be minimized by the same algo- |
rithm if a suitable quadratic approximation can be found. Although several
variations are given in the literature, all have the same two major steps dis-
cussed by Hestenes (Ref. 4). First, the function must be approximated by a
quadratic truncation of a Taylor series expanded around an initial estimate
of the solution. Second, this quadratic i1s minimized by the conjugate gradi-
ent algorithm to obtain a new estimate. This new estimate isin turn used as
the expansion point for a new quadratic approximation. Since the quadratic
approximation is valid only near the point of expansion, finding & minimum
of this quadratic is the same as finding a minimum of the original function
only if both have the same minimum. Therefore, the algorithm must be
restarted so that the quadratic approximation cau ultinately be expanded
around a point that approaches the minimum of the original function. The
one-dimensional case i1s illustrated in Fig. 2. Given the function f(s) and the

initial guess sy, the quadratic go(s) is formed and given by
[ 1 " 2
gots) = flag) « filao)(s aa) v [ fTla0)le ~ s0)" (6)

The minimum of this quadratic is denoted by s, and is given by the Newton

estimate
8 T 80 T (M

The estunate s, is then used to compute ¢ts). The iteration then contin-
nes until the minmimum of the quadratic approximation coincides with the

minimumn of the original function.

13




Fig. 2. Onc-Dimensional Minimization




The principles of the one-dimensional minimization apply also to mmnl-
tidimensional functions. For example, consider the function f(u,v), where u
and v are ¥ x 1 coluinn vector variables. The quadratic approximation may

be written in matrix form as
1
S o) = f(ul o)+ =2 )TG+ Sy~ TH [y - ') (8)

where T denotes the transpose and the components are defined as follows.
The vector v is a 27 x 1 column vector defined by ¥ i-[u- - v]T; The grédient,
denoted by G, 1s a 2V x 1 column vector evaluated at (u!,v!) and is given by

G =i{G. G.])", where each subvector has the form

G, =2 &L _01__]. (9)

0ug Bu, 0u~

The Hessian, denoted by H, is & 2N x2N matrix whose elements are evaluated

at (v'.v') and expressed as
H = [Huu HUV] (10)

where cach submatrix has the forn

e -1V R - 0 S
Bu,8r, 8u,8v, Ou,8vpn
ey ey .. _8y_
T Bu,8¢c, Ou,8r; Hu,8v
I{ur et ]{vt. = . (ll)
ey @ R - 1
" QupnBr, Oupndv, QuwBypn

Using the one-dimensional analogy, the minimum of Eqn. (8) may be com-

puted from the matrix form of Newton's formula, as given by

11 =70 + H ™ H(%)G(70)- (12)

However. this requires that the inverse of H be computed. In many cases
of practical interest, only an estimate of the minimum of the quadratic is
required: therefore. it is more eficient to use the conjugate gradient method

to obtain an estimate of this minimum. Making the substitution z, = v - u!,
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;, =v—1', and D = -G into Eqn. (8) and excluding the constant yields a

standard quadratic function, denoted by ¢ and written as

c=5la z,][g:: f{:”"]-(zu z,][ ] (13)

Minimizing this expression is the same as solving the linear system .

w ) []=13] @

where the Hessian matrix H is always symmetnc and nonsmgular but not
always positive definite. Therefore, the conjugate gradient algorithm must
be general enough to handle this situation. A suitable algorithm with L
restarts and &k << N conjugate gradient iterations per restart is given as

follows (Ref. 5):

begin loop for 1=:1,....L

compute D', H! and set 2z} = 0,2z} =0

raw = Do (15)
qu = Huur,l, + Huvr.l, (16) o
9 = H'u':. + H"r: (17)
1
By = . (18)
{Qurqui + (9. qu)
Pue = Podus (19)
begin loop fer k=1,... K
qu = ]!uup: + HuvP: (20)
9o = HuP.’i + Hevp: (21)
1
ay =— ——-— (22)
Wu qul + vaQr
I ATy (23)
r:.‘r] - r: v 7 (XkQu e (21) R
(rkolrlu»l\_{(lulrlnl‘

err = o= _(.,:k ,.k)_ (,.k r):)r'_"l' (25)

e R Mot R e e B R e e e Y e e R e e I T e ATt Rt B2 VAL WAL R L TP




if err < tolerance, terminate k loop, else

gu = Hyurt®*' 4 Hyort ! (26)
Qo = H"‘r:‘“ + Hyork+? (27)
1
Br = 28
(QuIQM)"’(Qqu') ( )
Puk' = Pie t Ordus (29)
—continue k-loop - - - -~ - - - < - oo o oo G oo
u o't =y vl 4 b (30)

continuc { loop

The 1 loop determines the quadratic approximation to the function f(u,v).
The gradient and Hessian arc computed at the current estimatc and the
appropriate conjugate gradient parameters are initialized. The k loop obtains
an estimatc of the minimum of ¢ by computing an estimate of the solution
to the linear system described by Eqn. (14). The dominant computational
effort for each k iteration is caused by the matrix vector products, which
require O(BN?) multiplications. The computation of the Hessian requires
O({TN?) multiplications, where T is the number of multiplications per matrix
element. Since 7" depends on the function, the computational efficiency of
the overall algorithm is function-dependent. An alternate algorithm used by
Fong and Birgenheier (Ref. 6) and Press et al. (Ref. 7) does not require
the computation of the Hessian, but implicitly assumes that it is positive

definite. This can lead to an unpredictable breakdown in the algorithm.
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IV. Sum Pattern Synthesis

The goal of the suin pattern synthesis is to maximize the power in the
main beam direction while simultaneously minimizing the power in the peak
sidelobe. Unfortunately, forc..ig the sidelobe to a lower level 2t a particular
angular location without any constraint on the other sidelobes will merely
shift the peak sidelobe to a new location. Because the peak sidelobe .location
- may change, there.is no mathematically elegant way to-achieve the goal di--
rectly. Rather, the same objective may be achieved indirectly, by minimizing
the average of the accumulated peak sidelobe power points. The average is
defined to be the average of these peak sidelobes, computed at each restart
of the minimization algorithm. If M, denotes the number of distinct peak

sidelobe points at the ith restart, then the average power, denoted by P,(u, v),

iS d(?ﬁll(‘d ])}
Pa(u,v) = — E b, 31
( v) | & ( )

The power at the ith angular point is defined as P = P(u,v,6;,¢,), where i = 0
denotes the main beam location and i = 1..M denotes peak sidelobe points.
In order to minimize the sidelobe power while simultaneously maximizing
the main beam power, a function f(u,v) is defined as the ratio of the average

peak power to the main beam power and is expressed as
(32)

Minimizing this function will achiecve the desired goal. A possible one-
dimensional scenarjo is illustrated in Figure 3. The peak sidelobe level is
found at the initial start. This sidelobe level is then reduced by a partial
minimization of fiu,v). At the first restart the peak sidelobe point is still at
the same location, so that peak is reduced again. At the sccoud restart a
new peak sidelobe location is found, so this peak and the previous peak are

averaged and reduced. At the third restart the peak location has changed

19




again, so the average is updated and f(u,v) is minimized. At the fourth
restart another point is added to the average and f(v,v) is minimized. The
pattern has reached the steady-state power distribution.

An inherent characteristic of this method is that all the sidelobes will
tend to be krought to the same level. It should be noted that all the sidelobe
sample points could have been used a priori at each restart without searching
for the peak sidelobe point and the results would be the same. However, using
* the accumulated t'ave_r_a'g_é has several édvantb._gés._Thé function f(u,v) changes
rapidly when few sidelobe points are present, so that the peak may be brought
down fast. As more peak points are added to the average, a self-damping
effect takes place and reduces the sensitivity of the pattern to changes in
v and v, ellowing a smooth transition to an optimum. Accumulating the
peak points is numerically much faster than starting with all points, since
the computation time for evaiuating f(u,v) is dependent on Af,.

The sidelobe region is defined as the hemisphere formed by the limits
0<¢ <27 and 0 < 8 < = minus the circular aperture of the mein beam up
to the first null. The density of the sample points should be chosen in such
a way that the peak sidelobe may be accurately estimated. A good rule
of thumb is that the sample separation distance should be no greater than
half the main beamwidth of the design pattern. A uniformly spaced square
lattice is sufficient and is shown in Fig. 4. The parameter k.. is the radius
of the main beam null of the design pattern, increased slightly to allow the

beam to broaden as the sidelobe level is reduced.
The components of D and ¥ required for the conjugate gradient method

are given as follows:

Af 1 [P, 8P 8P,
- _ . | le~ "7 .o 33
! ¥ ﬁum P() [[0 Bum Bum] ( )
, af ) [P, 8Fy OP,
pro. 8 | Pabbk 34
N At Py [Po vy Oryy, (34)
ary 1 AP, 8P 8P, P, 8P,
mn ) _ | pniZe m 4 2 7a e Y TO 35)
M du,, Bu, P, [ Y Bum + Dy fu, OBumbu, PoOumbu, (35)
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mn _ _— n - m___ - — —
B = gatv. = P (P Bu,, " 2V 50, + Busbo, ~ P Bu. v,

Hmn = gme (37)

(36)

8 f 1[ 8P, ap, 8P, P, B’Po]

L)
O 1 [ 8P 8P, 8P, P, 8P
*® T BunBv, Py [D' o+ OV v, * Gonbvn By Gunbo, (38)
- The power at the ith angle can be computed by introducing the auxiliary
functions ¢ and x, and defining P, = ¢? + x? such that
N
e e k= Y [uwcos(Yu) —vwsin(Yud)] o - (38)
w=1
N
xi = D [t sin(ti) + 04 o) (40)
w=1
where yui = kez, + kyiyo. The first-derivatives of the power used in the
gradient are given by
8 p; , N
5-' =2 [f. COS(Vm.') + Xi hlh(wm.')] (41)
Um
8P .
'aTv— =2 [Xi COS(V)mi) =& mn(wmi)] (42)
and the second derivative terms used in the Hessian are expressed as
* 82 P,
- = Imi = Vai 43
Fupgu, = 2c08(¥mi = i) (43)
a:P.
. _ . o (
SumBvy, 238in(Ymi — Vni) (44)
8% p; 8% p; -
8v,, v, - Ou, Ou, (45)

Note that the computation of the Hessian requires the evaluation of the
power at the main beam location and at each peak sidelobe point. Since
the power computation requires O(N) multiplications, the multiplications
per matrix eclement is T = O(MN). Therefore, the Hessian computation

dominates the computation of a single { iteration.
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V. Difference Pattern Synthesis

The synthesis procedure for the difference pattern is similar to that used
for the sum pattern, except that now only amplitude synthesis is necessary.

The appropriate function defined in Eqn. (32) is reduced to one dimension

as
Pa(u)
u) = 46
o e
The power at the ith location is defined as P, = ¢2, where
N
& = Z Uy 5in(¢wi)- (47)
v=1
The first derivative of the power is computed from
ap;
——-‘ = € i lm" 48
g = X Sin(Ymi) (48)
with the second derivative given by
6* p;
L = 2sin(vme) Sin(wng). 4
Bu.. Bu. 2 sin(¥m¢) sin(yn;) (49)

ror the configuration shown in Fig. 1, the power pattern is symmetric across

the y - : plane. Thus, the k-space sample region need only contain points

where k, > 0, as shown in Fig. 5.
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VI. Results and Discussion

A possible element failure scenario is shown in Fig. 6. The hexagonal
array has a total of 91 elements spaced 0.6), apart with 3 element failures.
The desired aperture function for the sum pattern is a parabolic with power
N =2 and an edge taper of -20 dB. This yields a -35 db sidelobe level. The
aperture function for the difference pattern is a Bayliss distribution with
-7t =10 and a -40 dB sidelobe level. All the power patterns are plotted in dB
using cyvlindrical coordinates, with 6 as the radial coordinate in the range

0< 6 <80°. A reference -3Z dB floor is placed on each plot.

The sum power pattern with no element failures is shown in Fig. 7.
The peak sidelube level is -30.9 dB with & peak gain of 20.8 dB. The main
beam has azimuthal symmetry with a half-power beamwidth of 12.86¢. The
synthesized sum pattern of Fig. 8 required 300 restarts, with 5 conjugate
gradient iterations per restart, to solve for the 176 required unknowns. The
effect of the failuresis to increase the sidelobe level to -27.4 dB and reduce the
gain to 20.5 dB. The main beam becomes slightly elliptical with 8 minimum
half-power beamwidth of 12.57° and a maximum of 13.00°. The synthesized
pattern, shown in Fig. 9, has a peak sidelobe level of -31.3 dB and a gain of
19.5 dB. The main beam also has an elliptical cross section with a minimum
half-power beamwidth of 13.71° and a maximum of 16.29°. As expected,
the reduction in the sidelobe level produces a corresponding increase in the

beamwidth and a drop in gain.

The difference power pattern with no element failures is shown in Fig.
10. The peak sidclobe level is -33.0 dB with a peak gain of 18.4 dB. The
angular half-power null width between the peaks is 8.57°. Fig. 11 shows that
the effect of the element failures is to increase the sidelobe level to -21.7 dB
and drop the gain to 18.0 dB, with the half-power null width remaining about
thie same. The synthesized difference pattern of Fig. 12 required 100 restarts

with  congugate gradient iterations per restart to solve for the 80 unknowns.
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Fig. 6. Hexagonal 91 Element Array with 3 Element Failures




Fig. 7. Suip Power Pattern with No Failures
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Fig. 8. Sum Power Pattern with 3 Element Failures
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Fig. 10, Difference Power Pattern with No Failures




Fig. 11. Diflerence Power Pattern with 3 Element Failures




Fig, 12 Synthesizea Difference Power Pattern with 3 Element Failures




The peak sidelobe level is -28.7 dB with a gain of 17.1 dB. The sidelobe level
of the synthesized pattern cannot be brought down to the level of the design
pattern as was the case with the sum pattern, because the degrees of freedom
are now about halved. The half-power null width between peaks increased
to 9.09.

The results of this test case and several others, indicate that it is possible
to reduce the sidelobe level, of an array with failed elements, down to near
the design level. However, the success depends on the nature of the failure.
For example, if the central element fails in a sum pattern, the synthesis yields
no improvement. This is to be expected since this failure is quite similar to
blockage. As expected, elements which fail and have a large relative weight
are much more difficult to recover from than elements with a small weight.
Also, clustered failures are easier to recover from than the same number of
random failures. This is because a clustered failure yields a relatively local
increase in the sidelobe region as opposed to the same number of random
failures which yields a uniform increase in the sidelobe level. It was interest-
ing to observe that is was easier to recover from an entire row failure than

from the same number of random failures. In general, the decrease in the

sidelobe level comes with a drop in gain and a slightly broader main beam.




VII. Conclusion

. The performance degradation of arrays with element failures may be
partially compensated for by a redistribution of the amplitude and phase over
the remaining elements. The extent of this compensation is determined by
the number and location of the failed elements. The accumulated averaging
scheme, combined with the conjugate gradient algorithm, provides a very

_stable means to synthesize the_new. array aperture distribution. . . . .
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Appendix: Fortran 77 Programs

This appendix contains the Fortran 77 programs SUMSTN and DIFSTN as well
as all associated subroutines. The program suMsTr performs the sum pattern
synthesis with element failures and the program pIFsT§ performs difference

pattern synthesis with element failures. The required inputs to each program

used to generate all the results presented in this report.
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1 PROGRAM SUMSYN
b XL RS XA ARRARBASRRG AR R RR R P AR RS EARRB SRR SRR A SRR RSN NN R B AR ER RSN R AR RS
3 = THIS PROGRAM SYNTHESIZES THE AMPLITUDE AND PHASE DISTRIBUTION
4 = NECESSARY TQ GENERATE 4 SUM PATTRRN OVER A HEXAGONAL ARRAY OF . *
5 » POINT SOURCES WITH SOME ELEMENT FAILURES. »
[} RRERR AR RS RIRE G 2R GG A ASER AR SNARARR AR E DR AR EIRAREZOIBDINEEBRAARIRRSE
7 * TIMOTHY J. PETERS L4AST UPDATED . .
8 * THE AEROSPACE CORPORATION 3/1/01 .
¢ * 2350 EAST EL SEGUNDC BOULEVARD. *
10 = BL SEGUNDO, CA 0024B *
11 REPESRRGARRRERR A SR RRBARARR RN AR ERCAREE R SR RERASN R AR R RN E AR ARG REREONE
- - .- - 12 - -« _INPUTS: - - -- - . . — - .. . - e e o _—— — .. el el _

» NL - NUMBER OF LAYERS FORMING THE HEXAGONAL LATTICE

* KTE - NUMBER OF TOTAL ELEMENTS = 1+3+NL+(NL+1)

* NBE - NUMBER OF BAD ELEMENTS

= BAD(1..NBE) - INTEGER ARRAY HOLDING THE NUMBER POSITION OF EACH
BAD ELEMENT IN THE ARRAY.

DS - THE ELEMENT SPACING IN WAVELENGTHS.

NE - NUMBER OF ACTUAL ELEMERTS = NTE-NBE.

ET - THE EDGE TAPER OF THE PARABOLIC DISTRIBUTION.

M o e o e e .
O W™ ® 3 O e W .

OO0 OO0 000G a0OoOO00000000000000000000000a0
* *

~
*

22 « N - THE ORDER OF THE PARABOLIC DISTRIBUTION.

! 23 « BNF - THE THEORETICAL BEAM WIDTH NULL FACTOR FOR THE CHOSEN

5 2 . DISTRIBUTION.

; 26 « BBF - THE BEAM WIDTH BROADENING FACTOR. THIS ALLOWS THE BEAM .
20 . TO BROADEN BEYOND THE DESIGN VALUE IN ORDER TO REDUCE THE

*

SIDELOBES WHEN ELEMENTS FAIL.
NSP - NUMBER OF SAMPLE POINTS IN THE SIDELOBE REGION.
NS - NUMBER OF RESTARTS.
NI - NUMBER OF CONJUGATE GRADIENT ITERATIONS PER RESTART.

»

OUTPUTS:

U(NE) - REAL PART OF THE EXCITATION OF EACH ELEMENT.
V(NE) ~ IMAGINARY PART OF THE EXCITATION OF BEACH ELEMENT.

* # & B 2 2 2 F B T B 2 B B 2R 2 2 B B B R T B =

* * # # *+ B @

LA AL EREANEY RIS LES SRR NIRRT NRS ST RSN 2TI RS R R R YRR RO

38 PARAMETER (NL=6,MTE=91,NBE=3,NE=88,KSP=15560)

30 REAL*4 U(NE),V(KE),X(NE},Y(NE),SU(NE),SV(NE),GU(NE),GV(NE)

40 REAL+*4 HUU(NE,NE),HUV(NE,NE),HVU(NE,NE),HVV(NE,NE)

41 REAL*4 PU(NE),PV(NE),QU(NE),QV(NE) ,RU(NE),RV(NE),2U(NE),2V(XE)

42 REAL*4 XX(NSP),KY(RNSP)

43 INTEGER IP(NSP) ,BAD(NE)

44 OPEN(UNIT=2,FILE="OUTPUT' ,STATUS='UNKNOWN’)

15 OPEN{UNIT=4,FILE='SUM_FIXED_BST',6STATUS='UNKNOWN')

49 C (2 SRR RS AN E RS ST RIS YRS RN YRR RPN YRRY SRS REYSRRRR ST R RS
47 €« GENERATE THE GEOMETRY. . )
4R C LA SRS RS RENLES R R Rl SRS R YRRl R Rl PR R Y SRR 0 R 2 Rtn )
49 DS=0.6
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80
Bl
52
53
54
66
58
57
58
24
80
- 81
82
63
84
as
ae
a7

¢

[}

O

a

. IF (IFLAGY .EQ.-1) THER - -

BAD(1)=3F

BAD(2)=37

BAD(3)=44

CALL GEOMET(NL,DS,NE,NBE,BAD,X,T)
ERANRNANRA RN RN RRP SRR RAERER R R SR ERE R AR RO RGN RR bRt Nbb RS
» INITIALIZE TRE TAPER DISTRIBUTION. ' .
ARRERRBRERSEAR B IRI R AR R ACRFEC AR LR P RREERE N ERPE R RN RGNk Rk k&
ET=0.1

N=2

BNF=1.5

IFLAG1=0

CALL TLPER(NE,U,V,I,Y,RT,N,NL,DS)

REWIND 4

WRITE(4,101) (1,0(1),v(1),I=1,8E)
ELSE
END IF
REWIND 4
READ(4,101) (I,U(X),v(I),I=1,NE)
AREEE R P ER RSN RO R R R ARG R PR RS ARG R SRR RS AN G RN RN R NSRRI N R ndh
« COMPUTE THE GAIN (DIRECTIVITY) QOF THE ARRAY. .
LR R R e s R S E S RS TN RS A RS R AR R AR Rt dl)
CALL GAIN(NE,U,V,X,Y,GDB)
ARAARERER RS R EA SR AER AR AREK AR P ARG AR R AR AR R RGBSR A RSP NS ARSI R AR RN R RRKE SRS
+ GET THE DEAM WIDTH BETWEEN FIRST NULLS. *
XX I Y IS LR R F ISR SR FISSVSS R RIS TRV ESRR ISR R R R 2 2 0% 2 )
CALL BEAM(NE,U,V,X,Y, BWFN)

AR EF KA AEH AR RN ARG R P AR AR A E NS E R R A A BRI KRN QARSI SE TR I QR RS S RER A

» GENERATE THE K-SPACE SAMPLE POINTS. .
T L L T LT T Y T Ty R T
BBF=7.0

CALL KSPACE(NMP,¥L,DS,BNF BBF,KX,KY)
LR Ve Y R PR R YRR E RN S S SR S LR TR R PR S RS R IR R R AR 22
= COMPUTE POWER IN MAIN BEAM. »

ARG AR KA A NAR AR UANER A BAEREN KA RO R R R UGBS Rk S AR RSN R ER AT E SRR R Rk}

CALL POWI(NE,U,¥,1,1,0.0,0.0,P0)

LR E AR RN L R AR A R AR S R S R AR S R RS R AT R AR R X AR d)

+« COMPUTE PEAK SIDELOBE POWER. *
I T e T
NP=0

CALL PEAKSL(ME,U,Vv,X,Y,NSP,NMP KX KY, IP,NP,PMAX)

(EEERR R FAR R R LN PR R R AR R L R R SRR S R R RS A R RSl

*« COMPUTE NORMALIZED PEAK SIDELOBE POWER IN DB. »

T T L L L L I T T T R T P Y PR T
PMAXDB=10.0+ALOG10(PMAX/PO)

(X TEERIE RS TRV RRRES AR TR RS Z RS RS R R s Rl Rt tlssd)

+ PERFORM CONJUGATE GRADIENT STEPS. .

AR AR AR AC PRI A NI NE R AL F AR A AGE AT R A ERT N EA DR SN RS R NSRRI RRE RS

NS5=300
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o9
100
10
102
103
104
106
108
107
108
100
110
111
112
113
114
115
1:6
117
118
110
120
™
122
123
124
125
126
127
128
120
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
115
118
147

(2]

a0

a0

100
101

O

[¢]

1

N1=3

CALL CGRAD({NE,NSP,NMP,NS,NI1,U,V,X,Y,SU,SV,RP,IP, KX ,KY,GU,GV RUU
& ,BUV BV ,BYYV,PU,PY,QU,QV,RU,RV,20,2V)

REWIND 4

WRITB(4,101) (1,U(1),v(1),I=1,NE)

LI RRAAN AR AR AU C RN R AR RRARRERNEREREANARGEINRRR RS ER R RN R RO RAGRNGRR

« POWER PATTERN GRAPHICS OUTPUT .
Yy Y T T T T T T P P
REWIND 4

READ(4,101) (I,0(I),v(I),I=1,HB)
HAEREASEUSREANRB AR RS AEAAS OB ACNARRRSREEANRRNABRAERSRERERANRRRE
+= PRINT THE POWER PATTERN IR CYLINDRICAL COORDINATES. .
AN A R IR R RSB APAR SRR AR A RAGE RSN AR A N A RES ARG A RN AR AN RRE R R R bk
CALL POWPAT(NE,U,V,X,Y)
LI A S SRS SR YRS RSN RS RS ARSI R2 R R SRR R TR 221222 R ] Y]
= PRINT THE POWER PATTERN IN SPHERICAL COORDINATES. *
EEIE AR P AR SE RS U AR RAA AR A NARE RS AR N A RN RO RR G R ARSI R AR RN
CALL SPOWPAT(NE,U,Vv,X,Y)
LA SR RS RS RS R RS RTS ST RS RRSRRIRER ST S R S TR Ly B2t
» FORMATS. -
RO R ARSI RN RN AN R R RSN B QAR NS R R SRR RSS2 ARR GO RS R SRS PRSI GRAREE
FORMAT(16,1X,F16.6,1X,F15.5)
FORMAT(16,1X,F16.7,1X,F15.7)
END

SUBROUTINE GEOMET(NL,S,NE,NBE,BAD,X,Y)

RARRPBRAER RS A EARE RN AR NS S S S F R R AR RD R PSR RNtk d b AS Sk R bbbkt
+ COMPUTE THE POSITION OF EACH ELEMENT IN A HEIOGONAL ARRAY. *
LA AR R AR LRI YRR SRR I R R E LSRR R R S SRR TR R R YRRt R 2 02t
REAL*4 X(NE),Y(NE)
INTEGER BAD(NE),IFLAG
HGT=(SQRT(3.0)/2.0)*S
AL XL LY R P Y L s R R R RS R L SRR R R L DY R T RS E R R RNy R L)
+ CENTER ROW. .
FERRBERSA T ARG HANE RN SRR SR PR AN N ER R AR R R AP AR E R RN RSP RN RGN TR ARSI R E
K=0
L=0
XMIN=-NL=*S
DD 1 I=0,2+NL
K=K+1
L=L+1
CALL CHECK(U,NE,NBE,BAD,IFLAG)
IF (IFLAG .EQ. 1) THEN
K=K-1
ELSE
X(K)=XMIN+I*S
1(K)=0.0
END IF
CONTINUE
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148 C
149 C
160 C
151
182
183
154
186
156
187
158
169
160
181
162
163
164
185
160
187 C
168
180 C
170
171
172
173
174
178
178
177

[g

i78
179
180
18]
182
183
1R4
185
186
187
188 C
18¢
191
10}
192
163
184
185

iga

AR R AR NREEEN RS ER AR NS SR DRI R RGN RN A PN bbb kRO NR
* TOP ROWS. .
RASE LSRR R PUPARRAPARRERRRAEPRARPANE R AR RR RN QAR RR R BROREARRERRID
INUM=2+L+1
DO 2 J=1,NL
INUM=1INUM-1
IMIN=-NL=*5+J+5/2.0
00 3 I=0,INUM-1
K=K+1
L=L+}
CALL CHECK(L,NE,NBE,BAD,IFLAG)

IF (IFLAG .BQ. 1) THEN . - o

K=K-1
ELSE
X(K)=XMIN+I=S
Y(K)=HGT#*J
END IF
CONTINUE
CONTINUE
REEENRAEA R RRERERRNE R NG R AN BN R RS AR RIR AR ARG ASRFEREA NG R AN RO RA RPN RS R
= BOTTOM ROWS. .
LA R RS R R SR TR EY SRR YRR I RS YR SRS TSR SRRV RRUN TS SRR YY)
INUM=2+NL+1
DO 4 J=1,NL
INUM=INUM-1
IMIN=-NL*S5+J+5/2.0
DO 6 I=0,INUM-1
K=K+1
L=L+1
CALL CHECK(L,NE,NBE,BAU,IFLAG)
IF (IFLAG .EQ. 1) THEN
K=K-1
ELSE
J(K)=IMIN+I»S
T(K)=-HGT*J
END IF
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE CHECK(L,NE,NBE,BAD,IFLAG)
INTEGER BAD(NE)
IFLAG=0
DD 1 I=1,NBE

IF (L .EQ. BAD(I)) THEN

IFLAG=1
ELSE
END IF




197
108
106
200
201
202
203
204
2058
208
207
208
209
210
21
212
213
214
218
218
217
218
219
220
22)

220
230

232
233
234
235
239
237
23
23¢
24n

24]

243
244
245

a o0

OO0

09

100

CONTINUE
RETURN
END

SUBROUTINE BEAM(NE,U,V,X,Y,BWFN)

TERERER R AR AR AAN PR ISR ARG R G R RAG SRR G AR RN AR PRSP RPN RN RN PR AR RN O kRS
* COMPUTE THE BEAM WIDTE BETWREN FIRST KOULLS. .
AERRER R AR R R REER B AR A SIS R REE DR RAARE N R A IR RRER NP RO RN RRQROERNEFQEEER
REAL U(NE),V(NE),X(NE),Y(NE),KXI ,KYI KIP,KYP

RAD=.17453293E-01
TP=.6283186E+01
TMIN=0.0
TMAX=10.0

P=0.0

NT=140
DT=(TMAX-TMIN)/KT

RRKARR AR R A S ARA AR AR AR DA R AR AR ERRB AR R AR SRR AS AR AR e s i trhsb bRkt

» FIND THE MAXIMUM VALUE. *

EREFRPACEE R RN A R R I D ERABEASRREERRASAREO R R R AR S XA R RS RGN RER IR R Rk

CALL POWER(NE,U,V,X,Y,0.0,0.0,PEAK)

SRR R R A G h b ARG R A AP AR ARG AR PR AR A REEIR R LSRR AP RO RN IR R R R RO R R R ek

+ RECOMPUTE AND NOW FIND THE POINT WHICE IS AT THE SLL BELOW THE *

= PEAK. -
I I I I T I T T T )
DO 1 K=1,90
P=P+1.0
DO 2 1=0,NT
T=TMIN+XI+DT
TPS=TP+SIN(RAD#T) -

KXI=TPS*COS(RAD*P)
KTI=TPS+SIN(RAD+*P)
CALL POWI(NE,U,V,X,Y,KXI,KYI,POW)
IF (POW/PEAK .LE. 0.5) THEN
WRITE(2,100) T,10.0+ALOG(POW/PEAK)
GO TO 98
ELSE
END IF
CONTINUE
CONTINUE
BWFH=2.0%T
WRITE(*,+) 'P BWFN ',P,BWEN
CONTINUE
FORMAT(F10.6,1X,F10.6)
RETURY
END

SUBROUTINE KSPACE(NMP, HL,DS,BNF,DBBF,KI,KY) .

I I Y Y Py N P R R R R NS YRR PR RS R AR R R R

+ THIS SUBROUTINE SAMPLES THE KX >0 REGION OF K SPACE. -

46 :




281
02z

284
285
2R8

o

[« T > I o)

a o a0 OO0

aa

!!‘Qu‘lmmutttt‘t“‘““t@t““‘.‘!“.'.“‘l.l‘-“t‘l.*“!“t.tt.‘.t
‘REAL*4 KX(*) KY(*) KC KR, KIX KYY KXMIN,KXMAX KYNIN, KYMAX
RAD=.174363203E-01

PI=,3141603E+01

TP~.628318BE+01

CEEARER R LN AN RSN R A S RA N R ARG A AN AI R E AP SC R NP SRR RSN SRS AR Rk GRS
+ COMPUTE THE APPROXIMATE DIAMETER OF THE APRRTURE. .
*'#ﬁ*.““"t#‘l.“tl‘*ﬁ#“..‘?‘.‘.l"““‘.‘.““““.!“‘.“..‘.Ct

D:2,0#DS*¥L

NREYIRSAEPRERL SN EP U N AL ASANIC AN AR S NS NE R RN TSR EP SRRt pd kP knhR s

+ COXPUTE YRE BEAM W.IDTH BETWEEN FIRST NULLS OF THE DESIGN E

= PATTERN. . -
L R T Ty LYy T Y
BWFN=ENF*2.439272/

L T L L e R L L R PRy
+ COMPUTE THE SMALLEST BEAM WIDTH BETWELN FIRST NULLS ALLOWED BY "«
* THE STNTHESIS ALGORITHM. *
L R L T L Y P T T ]
BUYNS=BBF*BWFN

SPVBPUEAPARYREE RO EI RARARCARACENEGA OB SIS HEN IS EAR B AR RN NS EPFAPARE OB RS

* COMPUTE TBE K SPACE RADIUS OF TEE ALLOWED MAIN BEAM. *
AR R AR AR A I AR AR PSR CAE ARSI R AR AN AR AN ARI A S U RA T2 RGO T RO
KC=TP#+0.3¢

KC=BUFNS/2.0
SRR ER RN A AR RSN AE RS AR AS RS OSBRI R PG FE TR P A ARSI RSN ERUSEEOE RN DN AN R
*« GENFRATE THE RECTANGULAR LATTICE OF SAMPLE POINTS. .
LA XS A AR AN LA R A R R R L AR A SIS LRSS E R SRR 2R
KYMIN=-TP
KYMAX:=TP
KXMIE=-TP
KIMAX=1P
NKX=45
HKY:456
DKX = (KXMAX-KIMIN)/(N{K- 1)
DKY=(KTMAX-XYMIN)/(NKY-1)
NMP=D
DG 1 I=0,0KY
KYT=KTMIN+1=DKY
DO 2 J-9,9KX
¥XX=KIMIK+ J¢DKX
KR=SQRT(XXX*KIX4KYV=KTY)
IF (CXR .CGT. KC) .AND. (KR .LT. TP)) THEN
NMP=REMP+1
KX{NMP) =K XX
KY(NMP;=KYY
ELSE
END 1F
"CNTINUF
CONTINUE

TR
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T304

208
200
207 C

290
300
3t
302
303

Taaa

OO0

505 -
308 C
s
308
309
310
A
312 %
3i3
314
315 C
319
317

a8 C

o

1IN
no €
3
a2
323
a2
325
aza
327 €
aze

a0

320
334
33t
352
333
334
33%

a0

asa

AdT

OO o0

aas
ase
340
d-41
312 160
343 C

RETURN
END

SUBROUTINE TAPFR(NE.U,V,X,Y,BT,N,QL,S)
REAL O(NE),V(RE) ,X(NE),Y(XE)

EXEREEN AR LARSE P A AR SNSRI PESINR PR NGRS SRR KNPRERPAENIESB PSR EES R ERY

* COMPUTE APPROXIMATE ARRAY RADIUS. : e
EROAIAEA IR ARG RAVIRANCI NS RREPECET RN ER TP UL SAPEI RS SE RS ERANERARYENS
A=S#NL - ' ' ot L
‘!“t‘liﬁ‘.t"!‘..!.‘.‘.“".t#v‘i““‘“““““H"....."l\“l‘l"‘
* COMPUTE AMPLITUDE.. - - o *
AR 2 LT RN E VISR RS RSSYN RN NI R R ARSI N TR eS¢ 44
DD 1 X=1,NE '

R=SGRT(X(K)*X(K)+¥{K)*T(K))
AMP=FT+(1.0-ET)*((1.0-(R/A)+=2)%*N)
U(K)=AMP
V(X)=0.0

CONTINUE

RETURN

SND

SUBHCUTINE CGRAD(RE,KSP,NM?,NS,N1,T,V,X,Y,SU,SV,NP,IP,KX,K7,GU,GV
r : ,&UU, ¥V ,BVU YV, PT,PV,QU,QV,BU,RV,ZU,2V)
(AR PN SR SRR RN AR RSN IS LR IRl ARl At LRl ) 2
+ COMPUTE POWER IN A SINGLE DIFECTION. .
RSP AV S A AR SRR N ERL I B AL AP SN EN SN O EPAARBEANGRNER BRSO SR EP RPN PR ARG

REAL»4 U(NZ),V(NE),X(NE),Y(VE),SU(KE),SV{EE),GU(NE),GV(NE)

REALv4 HUU(NE,NE),HUV(NE,NE) ,EVO(NE,NE) ,RVV(NE,NE)

REAL*4 PU(NE),PV(NE),QU{(NE),QV(NE),RO(NE) RV(NE),b2ZU(NE),2ZV(NE)

REAL*4 KX(NSP) ,KT(NSP)

RBAL+4 KXI,KTI

INTEGER TP(N5P)

AP RANRRLEH PN OAASESASABHERAIANS AR N ERPRERI NNV ESUI TR L RPN PRARKGCE IO

= INITIALIZE THE NUMBER OF SIDELOBE SAMPLE POINTS. .
R L R Ty Ly T L PR R R LR T L L
NP=0

R L e N T T R PR PPy YR Y
* PERFORM 1S RE-LTARTS. *
N T Y Y T Y T Y P L PP P T Y
D0 1 L=1,88

PEEASEE NP ARE RS E A BRI SRS RS A GOSN RS SRR hE bbb bR s stsr ey

+ FIND THE PEAK SIDELOBE POWER POINT A.. UPDATE THE NUMBER =
* OF MATCH PUINTS. .
A R AN ARA R P EA PR AN RO NS R N LR RE PR CE A AN ISR NSO ERA RS
CALL FEAKSL(NZ,U0,V,X,Y NSP,F¥¢ KX .KY,IP, NP, PMAX)

WRITE(*,160) (IP(I),I=1,KP)

WRITE(2,160) (IP(I),I=1,HhP)

FORMAT(1015)
A LR AR ISR R RO PO IR TR SRR SNSRI AN RS
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344 C
345 C
348
347
348
349
350
as1
352
3sa
354
3ss
ase
as?

OO0

359
3an
361
362
3a3
304
345
Jas

a0 aN

a7
368
360 3
atn

37l

372

a3 200
374
35

OO0

w
-3
3
Ci

-
>
=)
[

aun
mn
322 C

S ST

* FIRD THE POWER 1K THE MAIN BEAM. *
SRR R RO NGRS RGP A SR I ROP R AR S RN AN NGB BRI E R E DRSSO OO N
XX1=0.0
KYI=0.0
CALL POWI(NE,U,V,X,Y,KXI,KYI,PO)
FEPPSETERENQEIBRPNOES O EREENEERCIPESRINES PR EIRPP IR RGP RIPEPRR O
« COMPUTE AND STORE AN ARRAY OF THE 1ST DERIVATIVE OF THE  +
* POVER IN THE MAIN BEAM DIRECTION WITH RESPECT TO TEE MTH =+
= VARIABLE. *
“.tttt“‘!.#t‘t‘0‘#“‘#..#“*“tﬂ‘t‘..“t‘!.‘tt.‘.tt““‘ t[.
KXI=0.0
KY1=0.0
DO 2 M=1,KE

CALL DPOWIU(NE,U,V,X,Y,M KXI,KYI,DPWIU)

SU(M)=DPVWIU '

CALL DPOWIV(NE,U,V,X,Y,M,KXI,KYI,DPWIV)

Sv(M)=DPWIV
CORTINUVE
(22 L R YRR RSV R YRR RS VY R E RS R PR RS Y R I PSR TV RS RV RS R Y Y
+« COMPUTE AND STORE THE AVERAGE SIDELOBE POWER. .
LA A AR AL R R R IR IR R R R R ARSI 2RISR AT L S B3 )
PA=0.0
DO 3 I=1,NP

CALL POWI(NE,U,V,X,Y,KX(IP(I)) ,KY(IP(I)),POWERI)

PA=PA+POWER]
CONTINUE
PA=PA/NP
WR1TE(*,200) L,10.0+ALOG1O(PA/PN),10.0#ALOG10(PMAX/PO)
WRITE(2,200) L,10.0*ALOG10(PA/P0),10.02AL0G10(PMAX/PO)
FORMAT(1X,16,1X,'AVE PEAK SLL’,1X,F16.6,1X,

'PEAK SLL',1X,F16.6)

AREEBASSR SR N RNAEARONE R AR A G AR SR EA R R AN NGRS S PRI RN RSN RSO R

» COMPUTE THE NEGATIVE OF THE GRADIENT. .
R T P P YT T Y]
DO 4 M=1 ,NE

I EY R EY PR RS E 33 S SV R Ry Y E R P R R PR N L R Y P R RN VSRR EY )
« COMPUTE THE DERIVATIVE OF THE AVERACE SIDELOBE POWER.
LA A RS RS R A RS IR RS E AN RSN R ERY RS RIS R RIS Y R YRS
DFAMU=0.0
DPANV=0.0
DD 6 Y=1,NP
CALL DFOWTU(HE,U,V,X,Y,M,KX(IP(X)),KY(IP(I)),DPWIU)
DPAMU=LPAMU+DPVIU
CALL DPOWIV(NE,U,V,X,Y,M,KX(IP(I)),KI(1P(I)),DPWIV)
DFAMV=DPAMV+DPWIV
CONTINUE
DPANU=DPAMU/NP
DPAMV-DFAMYV/NP

A AR R T AT R R RS RN R YRR RSS2 NI PR REY Y
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425
428
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429
430
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4323
434
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437
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e
440

LI s B I )

O a0 e

11

* COMPUTE THE NEGATIVE GRADIENT. *
NN SN PRE PRSI PN RSN AE RSN EEERNNAERERSOEES
GU(M)=(PAsSU(M)/PO~DPLMU)/PO
GV(M)=(PA+ST(M)/PO-DPANY)/PO
CONTIKUE

RES B4 VSRRSF NS N A RBSHSA S EBP R0 42003 RNIBIISEINNOSSENES

¢ COMPUTE THE SYMMETRIC HESSIAK SUB MATRICES EUU AXD HVYV *
VIR EINENE NI BRI SO BPISBUSE SRS ERE SRS SR PSS SRR RETREEORGIPDORNSY
DO 6 M=1,NE
DD 7 N=M,NE .
KXX=0.0 oL
K11=0.0
CALL DDPIUU(NE,X,T,M,¥,KII,KYI,DDPUD)
DDPOTU=DDPUY
CALL DDPIVV(NE,X,Y,M,¥ KXI,KYI,DDPVYV)
DDPOVV=DDPVYV
DDPAUY=0.9
DDPATYV=0.0
Do 8 I=1,HP
CALL DDPIUU(RE,X.Y,M,N,KX(IP(I)) KY(IP(I)),DDPUD)
DDPAUU=DDPAUU+DDPUY
CALL DDPIVV(NE,X,Y,M,N KX(IP(1)),KY(IP(I)),DDFVV)
DDPAVV=DDPAVYV+DDPVV
CONTINUE
DDPAUU=DDPAUU/NP
DDPAVY=DDPAVV/NP
BUU(M,N)=(GU(N)+SU(M)+GU(M)*SU(N)+DDPAUU-PA«DDPOUU/PO) /PO
HUU(N,M)=HUU(M,N)
HIV(M,K)=(GT(N)*SV(M)+GV(M)*SV(N)+DDPAVV-PA*DDPOVYV/PO) /PO
HYV(N,M)=HVYV(M N)
CONTINUE
CONTINUFE
(R AR R RIS L S R LA R Rl Ly Y Y I Y I YT T
* COMPUTE THE ASTMMETRIC HESSIAN SUB MATRICE HUV. .
LA A 2 R A A A R R R R R R Y Y Y Y Py Y Y 2 XXX ]
00 9 M=1,NE
DO 10 N=1,NE
K11=0.0
K7I=0.0
CALL DDPIUV(NE,X,Y M, X ,KX1,KYI,DDPUV)
DDPOUV=DDPUY
DDPAUV=0.0
DO 11 I=4,NP
CALL DDPIUV(NE,X,Y, M, N, KX(IP(I)),KY(IP(I)),DDPUYV)
DDPAUV=DDPAUV+DDPUV
CONTINUE
DDPAUV=DDPAUV/NP
HUV(M,H)=(GV(N)*SU(M)+GU(M)*SV(N)+DDPAUV-PA«DDPOUV/PO)/PO
HVU(N,M)=HUV(M,N)
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a o
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CONTINUE

CONTINUE
AR AN SR NN R SRR ARG PO ENIN RSN RO INANRONR RS Is APt an SN
#« START THE CONJUGATE GRADIENT ALGORITHM. .

LA IR T L RS TERSALERERLERTITRR2 122 PRI R 23R R 0SR20 00
ESRS RN GEL 0B EAPRS RSP SRR R EARBE ARSI SRR EB LA ENRERRRREREIRERNRd RN
* INITIALIZE THE RESIDUAL. »
LIRS L RS N TSR RS R R RIS RS PR RRIT R EIS RIS NI TN 00 0}
DO 12 M=1,HE
RU(M)=GU(M)
RV(M)=GV(M)
T ozumy=0.0
ZV(M)=0.0
CONTINUE
B4 ASAARANNSRARASRA AN AP RS EIRNNSEN SRR SR AP ARRENRRERF TR ENT RS RN
» INITIALIZE SEARCE VECTOR. .
(AR AR R R R RS R RS R R YR FERES ST 2R SRR R RS R SRR XS L}
CALL MATVEC(NE,HUU,RU,HUV,RV,QU)
CALL MATVEC(NE,HVU,RV,HVV,AV,QV)
CALL NORM22(NE,QU,QON)
CALL NORM22(NE,QV,QVN)
BEO=1.0/(QUN+QVN)

DO 13 I=1,NE

PU(I)=BEO»QU(I)

PV(1)=BEO*QV (1)
CONTINUE
LA AR A LR RS R R Y YRR SRR PR RS TRS R R 0S AR SESRETR TR 2
» PERFORM CONJUGATE GRADIENT ITERATIONS. .
RS AL RS ER SR SR TR RIS R RAR RPN YRR PR IR RSS2 Y 2 1)
PO 14 X=1,NI
AR RISl IS SRRt R RS R R PR R R 2 R 2 0 R a2ty ]
+ UPDATE AMPLITUDE VECTOR AND RESIDUAL. *

(AL R T LR RN SRR AR RS RR R I S FER RS FERESRSRET RS2 R R YY R
CALL MATVEC(NE,BUU,PU,HUV,PV,QU)
CALL MATVEC(NE,BVO,PU,HVV,PV,QV}
CALL NORM22(NE,QU,QUN)

CALL NO®WM22(NE,QV,QVN)

AK=1.0/(QUN+QVN)

DO 16 I=1,NE
ZU(T)=2ZU(I)+AKsPU(I)
ZV(I)=ZV(1)+AKePV(1)
RU(I)=RU(I)-aK*Qt(I)
RV(I)=RV(I)-AK*QV(I)

CONTINUE

CALL NORM22(NE,RU,RUNM)

CALL NORM22(NE,RV,RVEM)

ERR :SQRT(RUNM+RVNM)

WRITE(*,600) L,K,ERR

WA1TE(2,600) L,K,ERR




491
4902
493
494

496
497
408
409
500

-502
503
604
8§08
500
507

500
610
511
612
313
514
616
516
517
518

520

633

638
638
537
538
53¢

80O

a3 OO

16

e BN e BN ¢ BN

17

O

101

99

(s IR BN s BN s s B s |

Ig

FOF AAT(3X, 'RESIDUAL’ ,1X,13,1X,13,1X,R15.8)

SARI SR REAR RGOSR NGNS R NSRS SRS DR RGP O E A RN R RO ROk

* UPDATE SEARCH VECTOR. .

LTS TSP S R TR R Y R RS TR PRI R SRR RIS e 202 R YR RE1 220 18}

CALL NATVEC(NE,HUU,RU,HUY,RV,QU)

CALL MATVEC(RE,HVU,RU,BVY,RV,QV)

CALL NORM22(NE,QU,QUN)

CALL NORM22(NE,QV,QVN)

BEK=1.0/(QUN+QVK)

DO 18 I=1,NE
PU(I)=PU(I)+BEK»QU(I)

TPV(I)=PV(I)+BEK#QV(I)

CONTINUE

CONTINUE
B Ty T T T P TP R LY
* UPDATE AMPLITUDE VECTOR. *
Ty T T Y T Y Py R YY)
DO 17 I=1,NE

U(I)=0(I1)+20(1)
V(I)=v(1)+2v(1)
CONTINUE
CALL NORMAL(NE,U,V)
LSRR AR E AR AR E RN EDIRRBRS AR SR AR SRGANIR IR RSN R SR ERRS

+ WRITE OUT THE NEW ESTIMATE TO A FILE. .
LR RS L R E SRV RS SRR RS R RN SRS RS RS2 R R s s 20230 0% %)
REVIND 4

WRITE(4,101) (I,U0(1I),v(I),I=1,NE)
FORMAT(I6,1X,F156.7,1X,F16.7)
IF (NP .EQ. NMP) THEN
GO TO 99
ELSE
EXD IF
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE PEAKSL(NE,U,V,X,Y,NSP,NMP,KX,KY,IP,NP,PMAX)

FEAERRERRER AR P AN RSN SRS AN R R R RSN E NI RIS R d b stk s b

» THIS SUBROUTINE FINDS THE PEAK SIDELOBE POWER LEVEL COORDINATE =+

¢ POINT (KX(LMAX),KT(LMAX)). IF THE POINT IS NEW THBEN IT IS .
* ACCUMULATED INTO THE PLINTER ARRAY IP. THE NUMBER OF POINTS IF =
» THE INTEGER POINTER ARRAY IP IS NP SUCH THAT IP(I),I=1...NP. .

EE R L Y Y R e Y R T R R L R Y S YY)
REAL U(NZ),V(NE),X(NE),T(NE) ,KX(NSP), KY(NSP)
INTEGER IP(NSP)

(A ERELE T EEE IR NS RS S S EE Y P s Rl P P RN SRR R ISR T ]

* COMPUTE THE POWER AT EACH POINT AND FIND THE MAX. .

LA E X R R R LS RN Y N P N L N R A R AL N R R L R PR R Y PR S XY 2
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PMAX=-3000.0
LMAX=-1
DO 1 I=1,NMP
CALL POWI(NE,U,v,X,Y,KX(I),KY(I),PWI)
IF (PWI .GT. PMAX) THEYN
LMAX=1
PMAX=PWI
ELSE
END IF
CONTINUE
AESARAREREAERAASERERR KRR SAIBRARR ARG AR R ERARP AR B SS SRR SIS R RO NE

» COMPARE LMAI TO ALL THE PREVIQUS POINTERS IP(I1),I=1...NP. =

» IF LMAX MATCEES ONE OF THE PREVIOUS POINTERS THEN THE *
« POINTER ARRAY NEED NOT BE UPDATED (IFLAG=1). IF LMAX DOES +*
» NOT MATCH A& PREVIOUS POINTER VALUE (IFLAG=0) THEN IT .
LR ERNERE AL RS YRS SRR RS RS SRS R SR A RS TSRS R RS RS R Y N
IFLAG=0
DO 2 I=1,NP

IF (IP(I) .EQ. LMAX) TEEN

IFLAG=1

ELSE

END IF
CONTINUE
IF (IFLAG .EQ. 0) THEN

NP=NP+1

IP(NP)=LMAX
ELSE
END IF

RETURN

END

SUBROUTINE POWI(NE,U,V,X,Y KXI,KYI,POWERI)

(L E SR E RS ER LIRS IR RS AR R R R R T PSS RS2 TR R NS TSRS SRR RIS RS 1
+ COMPUTE POWER IN A4 SINGLE DIRECTION. »
AR ERRARA S AREE AR AP RS EG O N REAFAE S I IR GG VIR EGANE AR B EN SRR B ER IR ERP
REAL U(NE),V(NE),X(NE),Y(NE) KII, KYI
SUM1=0.0
SUM2=0.0
D0 1 K=1,NE
PSI=KXI*X(K)+KYI*T(K)
CP=COS(PSI)
SP=SIN(PSI)
SUM1=SUM1+U(K)*CP-V(K)=SP
SUM2=5UM2+U(K)*SP+V(K)+CP
CONTINUVE
TI-SUM1*SUM1
VI=SUM2+SUN2
POXERI=TI+VI
RETURH
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860

802
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594
see
(17.)
8§07
898

1 1]

600
601
602
803
604
805
6068
807
808
609
a0
011
e12
8i3
at4
015
ai8
ei7
618
a1e

821
€22
623
023
a2s
826

624
620
LEIU
631
632

634
835
834
837

a0 n

an

O 0O Q-

o000

00

END

SUBROUTINE DPOWIU(KE,U,V,X,Y M KII KYI,DPWIU)

RN NI R I RRSALRERIRSRIIEIR A SEISARINASRRERIRNECENIS SO URIRANINTY
* COMPUTE 1ST DERIVATIVE OF POWER WITH RESPECT TO THE MTH VARIABLE+
» IN THE ITH DIRECTION. .

SHAARRRAFRE SRR RRER LR B RS R KPR R NG R RER AP AARA B RRQAN RIS A G EEABASAERRE S

REAL U(NE),V(NB),X(NE),Y(NE),KII,KY2
L L T L T T R e R YT YT L L

* COMPUTE SUMS. .

B L L T T T Y P Y YT PP TR e T

SUM1=0.0
SUM2=0.0
DO 1 K=1,NE
PSI=KXI*X{K)+KTI*Y(K)
CP=COS(PSI)

SP=SIN(PSI)
SUM1=SUM1+U(K)«CP-V(K)#*SP
SUM2=SUM2+T(K)«SP+V(K)*CP

CONTINUE
AR A L T Ty T e P P P LR R e e LT
* COMPUTE 1ST DERIVATIVE OF POWER. .

AR E AR R AL R A PR YRS RIS YRR RS2 R RS SR S22 S22 22 2 1)
PSIM=KXI+X(M)+KTI*Y(M)

DPYIU=2.0+(COS(PSIM)+SUML+SIN(PSIM)+SUM2)

RETURN

END

SUBROUTINE DPOWIV(NE,U,V,I,Y,H,KXI KYI,DPWIV)

AR AT XTSRS PSS FET RS RSV RSS2 PRI LT R0 8 Xd )
» COMPUTE 1ST DERIVATIVE OF POWER WITH RESPECT TO THE MTH VARIABLE»
* IN THE ITH DIRECTION. s

AR A LR R R 2Rt R 22 R R AT R TR Rl s i tilyy )

REAL U(NE),V(KE),X(NE),Y(NE) ,KXI KYI

(I A AT R R R R R R R R R A L I R R R R RS R RS IR YRR R 2222 )

* COMPUTE SUMS. .
Y Y P R P T Y P e
SUM1=0.0

SUM2=0.0

DO 1 K=1,NE

PSI=KXIsX(K)+KYI«Y(K)
CP=COS(PSI)

SP=SIN(PSI)
SUM1=SUML1+U(K)*CP-V(K)*SP
SUM2=SUM2+U(K)+SP+V(K)CP

CONTINUE
D T T T Ty T TP PP Y Y
*« COMPUTE 15T DERIVATIVE OF POWER. -

EEAB AR RIS ARERARARINA NS ERBENSORF SN RS NS D R RIS EEISFIIS NP ESEN RS g
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038 PSIM=KXI*I(M)+KYI*Y(M)

839 DPWIV=2.0+(COS(PSIM)*SUM2-SIN(PSIM)*SUN1)
640 RETURN
) s END
642 C
643 SUBROUTINE DDPIUU(NE,X,Y,N,E,KXII KYI,DDPUU)
844 C L T Y T e T P T I Y T T LTI T YT Y
845 C * COMPUTE 2ND DERIVATIVE OF POWER WITH RESPECT TO THE M AND NTH =+
848 C = VARIABLES IN THE IVH DIRECTION. b4
647 C S ARANRRAEIREN BN P s A BRNA NSRS R ERSES IR AENCHARERAERREENGIALES SR UREESN
- - . _— ....e48_ _ __ REAL*4 X(NB),Y(NB) ,KXI,XYI = o o o el
8490 C CERPRAEANRERPRERFRAB AR RPEARE AR RN RN S AR RSN RR GRS E S RO RO O R R P &
860 C +* COMPUTE DIFFERENCE OF PSI FUNCTIONS. *
8s1 C AEFASRNAAE RN RARA KA SR ARNEIBIRRR IS E AR R RS ERSENR SR SNSRI e ASa kb st
852 PSIM=KXI*X(M)+KYI*T(M)
853 PSIN=XXI+X(N)+KTYI+Y(R)
854 DIF=PSIM-PSIN
855 C BESY AR RSREEAEROR SRR S A AR E AR RS S R AR DR SRR IS C NSRRI GIIR NS
8se C » COMPUTE 2ND DERIVATIVE OF POWER. »
887 C BERENR RN R AP RO RPE NSRRGSR RS LA R I AR RN SR U RN A EREAS ISR RR AR A RPN AL
658 DDPUU=2.0+COS(DIF)
859 RETURYN
860 END
as1 C
* 862 SUBROUTINE DDPIUOV(NE,X,Y,M,N,KXI,KYI (DDPUV)
a3 C LA R A A R A A A AL R R LR P R P R LR IS R PSR IR YRS Y )
8a4 C = COMPUTE 2ND DERIVATIVE OF POWER WITH RESPECT TO THE M AND NTH *
. sas C » VARIABLES IN THE ITH DIRECTION. .
as8 C HERANEREERRR NSRS AP R E RSN D ARG EER SRR DRSNS E BRSPS NI ABURANRRErEARIEERD
807 REAL*4 X(NE),Y(NE) XXI KYI
ses C LR L Y Y N R Y P Y Y T Y P STy IT It
sap C * COMPUTE DIFFERENCE OF PSI FUNCTIONS. *
670 C AR LR AR LI R R I R L L R P L R LR P S I EY YY)
871 PSIM=KXI+X(M)+KYI*T(M)
872 PSIN=KXI*X(H)+KTI*Y(N)
873 DIF=PSIM-PSIN
874 C LR LR R R R R N P Y TRy R P R R P T Ay R Y Y PP S Y TP R P P P PP Y Y E 1YY Y
875 C » COMPUTE 2ND DERIVATIVE OF POWER. .
a7 C AN CSSNARNGAAERS A NN SAPEN RN RRSH RS ISR A NI PP AEGER RSB IR I NI E AT RN
a77 DDPUV=2.0«SIN(DIF)
878 RETURN
87e END
asn C
881 SUBROUTINE DDPIVV(NE,X,Y,M,.N,KXI,KYI,DDPVY)
882 C (R R R X R R L R R YR R R R Y Y P Y P Y Y PR Y Yy Y]
aa3 C = COMPUTE 2ND DERIVATIVE OF POWER WITH RESPECT TO THE M AND NTH .
) 884 C * VARIABLES IN THE ITH DIRECTION. .
885 C LA R R LR Y N R R R P P R PRV PP T PN PR RS R F P LY 2L
8an REAL*4 X(NE),Y(NE),KXI KYI
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720
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732
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734
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(2]

O

AR ARG ER ARG EL AR NSARR PR R AR E NG A NP SRR G RGPS R R BN GRS S SRR RO EDEE NG S

* CONPUTE DIFFERENCE OF PSI FUNCYIONS. .
ARARIRREREENERA NSRS HRERSRARERESERAES RN IRORERNE RN RN RAPANNSRGR AR RRR
PSIM=KXI#X(M)+KYI*Y(M) *

PSIN=KXI*X(N)+KTI«Y(N)

DIF=PSIM-PSIN
T T T T T Ry PP Y PY YT T Y
« COMPUTE 2ND DER1VATIVE OF POWER. .

R ARSRAEEEAAREB IR ERNS AR RSB R BB ES S RIS E N SR RS SRR GG b et e B ER RS

DDPYV=2.0+COS(DIF)

. _RETURN . .- . ORI

END

SUBROUTINE NORM22(K,4,AN)

NP ASE PR EERSA AN NERERERNR AN PAREREP AR N ERERARERERERE RN RYER OSSR OR K
* THIS SUBROUTINE COMPUTES TBE EUCLIDIAX NORM SQUARED OF A. .
[ Z R 2 A Y R F N Y Y Y PR T R I R SRR RS SSPESS RS ER IR SR Y RIS S U2 0 3
REAL*4 A(N)
AN=0.0
DO 1 I=1,N

AN=AN+A(I)*A(I)

CONTINUE
RETURN
END

SUBHROUTINE MATVEC(N,4,B,C,D,E)
I E I TR T SRR E R RS R R SRS E S R TR T RTINSV SRR RS S PRS2 243 ]
* THIS SUBROUTINE COMPUTES THE MATRIX PRODUCT E=AB+CD. .
(RIS ENT SN ES YRR RS E AR ERNRNL SRR SRR TR 0 222 ot
REAL*4 A(N,N),B(N),C(N,N),D(N),E(N)
Do 1 I=1,N

SU¥=0.0

DO 2 J=1,N

SUM=SUM+A(I,J)*B(J)+C(1,J)*D(J)

CONTINUE

E(1)=SUM
CONTINUE
RETURN
END

SUBROUTINE NORMAL(N,A,B)
[ RS X SRR R RYRFRSI YRS RS R RS R AR NS IR E R AR 102 )
» TRIS SUBROUTINE NORMALIZES 4 VECTOR OF LENGTH N. »
A PR F R T L R R E R R RN R R RS S EET RS RV IR RSN 2 2SR 22 Y )
REAL*4 A(N),B(N)
VMAX=5QRT(A(1)+A(1,+B(1)*B(1))
DO 1 1=1,N

V=SQRT(A(I)*A(I)+B(1)*B(I))

IF (V .GT. UMAX) THEN
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[’

O

VMAX=Y

ELSE

END IF
CONTINUE
DO 2 I=1,N
A(X)=A(1)/ABS(VMAX)
B(1)=B(1)/ABS(VMAX)
CONTINUE
RETURN

“END - S

SUBROUTINE GAIN(NE,U,¥,1.Y,GDB)

ARREDERRR AR AR RS SR ERRAR N AR L NES AP RAAESRENER RS RAN P EERO RS RG G PR RN RN
» COMPUTE POWER IN A SUNGLE LIRECTION. »
ARSI R SRR AACEECR RN IR R R A LSO RS ANA IR ER GNP ENEIR SR E R SRR ke r SRS
REAL U(NE),V(NE),X(NE),Y(NE)

RAD=.17463203E-01

PI=.3141593E+01

TP .0283186E+01

2 3 SRS I E R YRR RIS A S PN YRS R ER P VRIS SRRV N YRR ISR R R 2 220 00 8]

* GRAPH INPUTS *

BAPINARERAREASRAR NN AGE AR RRA SR AN ER PR AP IR R SSRGS SRS A IRAARER NNt dR

NP=41

NR=31

PMIN=0.0

PMAX=360.0

TMIN=0.C

THMAX=60.0

DP=(PMAX-PMIN)/(NP-1)

DR=(TMAX-TMIN)/(NR-1)
(I XS RS YER AR RS R RS RS E LRSI RSN RS R RS R 1Rty
» COMPUTE PEAK VALUE. .
LEEALE RS TNELAE PRI R AL TR RS LIS R IR R R SR 2 2 LR XaXy)
CALL POWER(NE,U,v,X,Y,0.0,0.0,PEAK)

(AL LR LA AR Y R A AR AR S22 22 2223 R 2 2R RS2 PR L PR Ryt

« COMPUTE THE SOLID ANGLE. .
Y T L Yy R T R e R T
SUM=0.0

PO 1 1=0,NR-2
T~TMIN+DR/2.0+I#DR
ST=SIN(RAD»T)
po 2 J=0,KP-2
P=PMIN+DP/2.0+J#DP
CALL POWER(KE,U,V,X,Y,T,P,POW)
SUM=SUM+ST*POW

CONTINUE

CONTINUE

TEST=RAD#*RAD*DReDP+SUM

SOLID=RAD*RAD*DReDP+SUM/PEAK
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GDB=10.0+ALOG10(TP/SOLID)
RETORN
END

SUBROUTINE POWPAT(NE,U,V,I,T)
ERAREE RN SRR RSB NS NR TR E G I ERERNEC N SRR E RN RS PSS OR R E NN E QRO SR RS RRD
+ COMPUTE POWER IN A SINGLE DIRECTION. .
A EERRRANSEE RO RS RN R R SRR SR RE RN NS ER S RAR R LRI R A AR R R SEACRARE NN RRERS
REAL U(NE),V(NE),X(NE),Y(NE)

OPEN(UNIT=7,FILE="DATA’)

RAD=.17453293E-01 - - R

PI1=.3141683E+01

TP=.8283185E+01
AP R PO R RN AR ARG PR R R ARG ARG P RPN NP EGRA PR S U AN AR AR R ARG AR S ARSI F RN
» GRAPH INPUTS .
AN RSO RS AAS R ABANEREDNARAARIRERSERER U EAREENNERRRENA R RSN AB I RS REUEE
NP=Bb

NR=30

NS=0

PMIN=0.0

PMAX=360.0

TMIN=0.0

TMAX=00.0

DP=(PMAX-PMIN)/(NP-1)

DR=(TMAX -TMIN)/(NR-1)

AX-160.0

AY=AX

AZ=680.0

P0=B5.0

Q0=60.0

IA=-2.0

XB=2.0

T4=-2.0

1B=2.0

Z4=-2.0

ZB-2.3

AT=.3

WRITE(7,*) NP,NR,NS,AX,AY,AZ

WRITE(7,») XA,XIB,YA,YB,ZA,2B

WRITE(7,+) AT,P0,Q0

AR AR ASAS R AR SRS AGERRAS NSNS NANRPH AN NSRS SRR RR S ARAR A AR AR RASSEESS
« PHI VALUES. .
(AR RS EEYR AN RNR RSN ELRENN NS SRR RSN ER AR R RS LN R N R 2R RA L)
DO 1 I1=0,NP-1

P=PMIN+I+DP
WRITE(7,+) RAD#P

CONTINUE
Yy L R I Y YT E R Ry
* RADIAL (THETA) VALUES. .
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834
ais

837
e38
83e
840
R4}
842
843
844
845
846

848

856
857
858
859
860
861
882
883
884
865
806
LI
888
889
870
871
872
873
874
876
ave
877
L
879
8L0
8a:

882

c

OO0 00OO0

a o

(¢}

aQ

ARRRERERS R QT RRSRARERERERFSRP S A SRS R B R RER S AEPENERGER PR AN REQSEC QRN S SO
DO 2 I=0,NR-1

T=TMIN+I«DR

WRITE(7,*) RAD+T

CONTINUE
RS QAR RX N KSR AR R RN SR I RN VSRR AP LR RERY SR ERE DR ARG R R A R SRR B R R kG R RRER
+ FUORCTION VALDES. .

AARASRLIBRR AN RN RS RENRAGRER R RSN ANV RN NN kR R AR Uttt ERe RS
SRR RR AR RNERR NS R BRAERACRRABRE R R LA SH G RERE R RSP R AP R RSN GRS NG GRS
» COMPUTE PEAK VALUE. *
AR S A RN SRS SRR RN ER RN NS IR RBS R ASER AP RARARR AR R E RN R ER SR kIR
CALL POWER(NE,U,V,X,Y,0.0,0.0,PEAK)
AR EARRAER RN RN RER SR NS R P O IR AR RN QAP RS E R R ARNI SO ERQR RPN GRS R &
» COMPUTE EACH VALUE. »
PO RRARNRE A RN GO RN AN RSN R R R RN AR AR AR AG DA RSO bRk
DO 3 I=0,NR-1
T=TMIN+I*DR
DO ¢ J=0,NP-1
P=PMIN+J*DP
CALL POWER(KE,U,V,I,Y,T,P,POW)
WRITE(7,*) POW/PEAK
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE SPOWPAT(NE,U,V,X,Y)

N R R P I R YR P PR R R PRI R AR AP R NSRS DRSS AR 2 R 22 ]
= COMPUTE POWER IN A SINGLE DIRECTION. .
AREAPER SR ARAENENE PR E G R ARER PRSP ER AR R AN RSO RV E RGN IO Gt dd bt he &
REAL U(NE),V(NE),X(RE),Y(NE)

OFEN(UNIT=8,FILE-'SDATA’)

RAD=.17463293E-01

PI=.3141693E+01

TP=.6283186E+01

AR EE RS SRR NIRRT R R ALY AR RIS R YRR AR X R Rttt )

* GRAPH INPUTS hd
L Y I Y E T P Y P P R P R VR PR R DI YRS Y]]
NP=116

NR=63

NS=0

PMIN=0.0

PMAX=360.0

TMIN=0.0

TMAX=00.0

DP=(PMAX-PMIN)/(NP-1)

DR=(TMAX-TMIN)/(NR-1)

AX=800.0

AY=AX




883
884
88s

88?7
888
88y
800
891
892
893
| 884
895
806
897
888
809
@00
v01
002
ec3
04
80s
906
807

#Ne
el0
911
212
213
P14
915
014
e
98
816
a2
v21
822
923
024
925
820
827
926
02k
83n
03!

c

[}

QOO0 00

a o

c

AZ=aX
P0=26.0
00=60.0
IA=-2.0
1B=2.0
TA=-2.0
1B=2.0
Z4=-2.0
7B=2.3
T=.3
IT=4
WRITE(8,*) NP,NR,NS,IT,AX,AY,AZ
WRITE(8,+) XA,XB,YA,YB,24,2B
WRITE(8,*) AT,PO,Q0
SRR AR ARG RO RS SRR I SRR R PR RSN RS R SRR ER SR A DI R EA RN B Rk ARABA R
* PHI VALUES. .
LA RS S A S EE R RN LR L R L P R R R e P I R Y TS IS PTER RN
DG 1 I=0,NP-1
P=PMIN+I+DP
WRITE(8,*) RAD#P

CONTINUE
AR R N T Y L T
« RADIAL (THETA) VALUES. .

EEFRENRUREERERPANENRRE SO AR LR GL N E RS RN RS RERE QRS RN RGN ISP RARE R AN RS
DO 2 1=0,NR-1

T=TMIN+I*DR

WRITE(8,*) RAD«T

CONTINCE
e L T Y T T Y P PP T T T
* FUNCTION VALUES. hd

LR AR R LR AR T R L R Yy I R F R P TP S Y Ry
b L AR LR AL S LR AL A I R R P R PR N A RS R S Ty
» COMPUTE PEAK VALUE. .
LA R AR R AL Rl AR RI PR LRI iR R PSR AU RIS LRI R ET NET F 0
CALL POWER(NE,U,V,X,7,0.0,0.0,PEAK)
AR A ARl R LR L R R T Y T Y S YT
« COMPUTE EACH VALUE. .
AL LA RS AL YRR S I R R A A R R R R R R R S Y YRR 2
DO 3 I=0,NR-1
T=TMIN+I*DR
b0 4 J=0,NP-1
P=PMIN+J+DP
CALL POWER(NE,U,V,X,Y,T,P,POVW)
WR1TE(8,*) POW/PEAK
CONTINUE
CONTINUE
RETURYN
END
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932
033
934
035
036
037
938
030
840
84:
942
w43
244

i
a48
X
5L
081
en?
952
s$ud
8rs
'L1

SUBROUTINE POWER(KE,U,V,X,Y,T,P,POVW)
[+ ARARAKEEKARER AR PSR AR IRt R IR A SR AR RS RSB APS IR GG SR G EN DO R PR G AGERER R
c + COMPUTZ YOWER IN A STNGLE DIRECTION GIVEN A TEETA AND PHI. .
C SR AAR AT IR ARG E N AR S RN R RSN EREAERAENr RS RN AR AR B R RA AR ERAE KPR RS
REAL U(NE),V(NE),X(NE),Y(KE),K1I, XTI
RAD~.17463283B-01
TP=.68283166E+01
TPS=TP*SIN(RAD=T)
RP=RADsF :
KXI=TPS*COS{RP) )
KYI=TPS*+SIN(RP) .
SOM1:0.0 . i} o . o S R
SUM2=0.0
DD 1 K=1,NE
PSI=KXI+X(K)+KYT*T(K)
CP=COS(PSI)
SP:SIN(PSI)
SUM1=SUMI+U(K)*CP-Y(K)*5P
SuM2=SUM2+0(K)*SP+V(K)»CP
1 CONTINUE
TI=SUM1s5UM1
VI=S5UM2+SUM2
' OPOW=TI+V:
RETURE
END
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PROGRAM DIFSYN
AR NARRIRRUNRENSE SIS R RIS SR A ERBARAERNIENRE ISR E AR AFRERNORS

= THIS PROGRAM SYNTHESIZES THE AMPLITUDE AND PHASE DISTRIBUTION »

+ NECESSARY TO GENERATE A DIFFERENCE PATTERN OVER 4 HEXAGONAL .
* /RRAY OF POINT SOURCES WITH SOME BLEMENT FAILURES. »
XX A3 T2 PR SN R TR R PR R PRI VSRR SV RN IR R PO RS RS PR R ST 2 00 3 3
« TIMOTAY J. PETERS : * «ST UPDATED .
» THE AEROSPACE CORPORATION /91 »
* 2360 EAST EL SEGURDO BOULEVARD, - . L.
» EL SEGUNDO, CA 90245 ' T ‘ e

ttltttnt-t‘.t‘ﬁ‘t.tttttattt‘.ltt‘.t..tt“#‘ti“‘ﬁ.n“‘0““‘0‘#4.‘#

* INPUTS: - I T T '

»

* NL - NUMBER OF LAYERS FORMING THE HEXAGONAL LA#TTICE

* NTE - FUMBER OF TOTAL ELEMENTS =(1+3sNL#(NL+1)-NL)/2 FOR NL ODD

» =(3+NL+(FL+1)-KL)/2 FOR NL EVEN

» NBE - NUMBER OF BAD ELEMEXNTS

+ BAD(1..NBE) - INTEGER ARNAY BOLDING THE NUMBER POSITION OF EACH

BAD ELEMENT IN THE ARRAY.

* DS - THE ELEMENT SPACING IN WAVELENGTHS.

+ NE - NUMBER OF ACTUAL ELBMENTS = NTE-NBE.

+ SLL - SIDELOBE LEVEL OF DESIGN BAYLISS DISTRIBUTION.

+ NBAR- - ARAMETER FOR BAYLISS DISTRIBUTION.

» BBF ~ THE BEAM WIDTH BROADENING FACTOR. THIS ALLOWS THE BEAM
TO BROADEN BESOND THE DESIGN VALUE 1N ORDER TO REDUCE THE

. SIDELOBES WBE:i ELEMENTS FAIL.

» NSP - NUMBER OF SAMPLE PGINTS I¥ THE SIDELOBE REGION.

» NS - NUMBER OF RESTARTS.

» NI - NUMBER OF CONJUGATE GRADIENT ITERATIONS PER RESTART.

*

* QUTPUTS:

» U(NE) - REAL PART OF TBE EXCITATIOR OF EACH ELEMENT.

+ V(RE) - IMAGINARY PART OF THE EXCITATION OF EACE ELEMENT.
SEBN PR AT EARENRPPR R AN RR AN R EER N EAB R NS S IR S SN SN SRS ERE PR BN SF SRS kR O
PARAMETER (¥L=6,8TE=43,NBE-0,NE=43,N5P=700)

REAL*4 U{¥E),X(FE),Y(NE),S(¥E),GN(NE) ,H(NE, NF),P(NE),Q(NE),R(KE)
REAL*4 Z(¥E),KX(NSP) ,KT(NSP),KXP ,KYP NWBP

INTZGER IP(NSP),BAD(NE)

PI=.3141693E+01

CPEN(UNIT=2,FILE='OUTPUT' ,STATUS='UNKNOWN’)
OPEN(UNIT=4,FILE='ESTIMATE' ,STATUS='UNKNOWN"’)
ARSI EF LA EALE PO PRI RN SIS PSS IEI RSB SN Ut attbbnsbnditsddashnse
« GENERATE 'fHE GEOMETRY. .
FEE S A AR AR S A E AP I A PR E ARSI R RSP R A NS T RN EE N AR U RS SN IO NI ENG UG SRS Nb g
DS=0.68

BAD(1)=15

BAD(2) =17

BAD(3)=20

* & & » B2 F % B & B BB B2 B A B B2 2 2 B O B
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§0

G a GO0 O000n00 000

Lo

a

- ELSE

CILL GBOMBT(IL,DS,NB,IBB,BAD,X.Y)

BUSAB R PEAP PRI R G SRS EPSAR AP RRAP IS SRS SRR R A S RPORRRRA PR AP H OGRS IS NS

*« INITIALIZE THE TAPER DISTRIBUTION. .
AR ARSI NEANEASE SRS HABEEA R NS ERRESRASERASRRANERABAN AR S RRNAR S S0
IFLAG1=1

SLIL=-40.0

NBAR=10

IF (IFLAGL .EQ. 1) THEN
"CALL TAPER(NE,U,X,Y,SLL,NBAR,8L,DS)
REWIND 4 '

WRITE(4,101) (I,0(1),I=1,KE)

END IF

REVIND 4

READ(4,101) (I,U0(1),I=1,KE)
RASSEBNARFAAGRSREDESE R RGN AN S APER PO I ONBRANBIN SN DR EANEEP AR AR P RO A RF NSRS

* COMPUTE THE GAIN (DPIYRLCTIVITY) OF THE ARRAT,. he

LA RN R Y PR P R R R R A R Y I S R L R R RS TS PR SS N RR ST RA R R 24
CALL GAIN(NE,V,X,Y,GDB)
L2 AT IR RN R R RV Y Y R P R R R N SR F SR Y RISV RRNSVRARETIRN SRSV SRR 1)

* FIND THE HALF POWER NULL WIDTHE BETWEEN PEAKS. .

THASARER SRS PE R E RS RP AN ACURE AN R AESR SN E NS B ER PR E N IR R LR AR ARSI P ERIOgds e

CALL BEAM(NE,0,X,Y,NWBP)

CRNRRANPIS SN E R R AP NS S A RIS IRNAR RS ERS A BRI IRG RV R AR A SRS SRR SERERER

+* GENERATE THE K-SPACE SAMPLE POINTS. .
A AT R LY RER IS ER AR R AR W LRSS AR AR XS RREL RRR D]
BBF=1.24

CALL XSPACE(NMP ,NL,DS,SLL,NBAR,BBF ,KI,KY)

RSB HRRAE R A ANACRASRANRERRAAR AN SRR E SRS AR I ANT O ER RGOS EIPERNIOE G ISR S
« COMPUTE NORMALIZED PEAK SIDELOBE POWER IN DB. s
PEERVAA AR AP I BB SENS AN SRR RN SIS KRS SR U A A ARG H OSSNSO aBtES
CALL PEKPOW(NE,U,X,Y,KIP,KYP,PO)

NP=0

CALL PEAKSL(KE,U,X,Y,NSP,NMP KX,KY,IP NP, PMAX)
PHAXDB=10.0¢ALOCLO(PMAX/PO)

AL R ER L AR I AR R YIRS SR PSR ST RESE RIS IA SRS RS R 22 20224
* PERFORM CONJUGATE GRADIENT STEPS. *
LR Y A N L L PR R Y A N A I Y LR R TR NS R R R NI RS R RN R ] ]
kS=1560

NI=3

CALL CGRAD(XE, NSP,NMP,NS,NI,U,X,Y,S,NP,IP,KX,KY,GN,H,P,Q,R,2)
REVIND 4

WRITE(4,101) (I,0(I),I=1,NE)

EARSOIR I ESPERRI DRSS ORI RSB HI NG IB DRI N RN A OO RANANDICERERSOIpod i

« POWER PATTERN GRAPHBICS QUTPUT. .
L T T T T T Y R Y T P PP P e
REWIND 4

READ(4,101) (I,0(1),I=1,%E)

AR AR R R YRS IR RRTI R R LR AN AR Rd N AR R RS R ] ]2
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o8
1G0
101
102
103
104

106
107
108
100
110
111
112
113
114
1186
116
117
118
11e
120
121
122
123
i24i
125
126
127
128
124
120
131
132
133
134
1856
130
127
138
139
140
141
142
148
144
t4s
11n
R

a

O aon

a aa

100
101

a0

a

QOO -

+ PRINT THE POWER PATTERN IN CYLINDRICAL COORDINATES. .
L e T L T P T TR Y Y

CALL POWPAT(NE,U,X,Y)
(IS TR YN Y PR PV Y PR PV T R LR PR PRI Py ST Sv A PR YT}
* PRINT TEE POVER PATTERN IN SPHERICAL COORDINATES. .
ERFEEN LR R RL LSRR ARSI NEPSRCRISIRSRARRRRS RO ARG ERRENRRAF I IRERO O
CALL SPOWPAT(NE,U,I,T)
RSB ELCREI VA NBAEE RSB ASCRORCSER IS RSP RBARRSEE RIS RAGIBERINB SIS SS S
* FORMATS. .
EPRSREASSIRINEPIFEB RSN RIS ERFURAN RN RNRRREENEOEARS LRI RIS EEE PSSR
FORMAT(16,F16.5,11,F16.5)
FORMAT(IB,P16.7) - = - - = oo - oo e
END

SUBROUTINE GEOMET(NL,S,NE,NBE,BAD,X,Y)

R T T T T Y Py
» COMPUTE THE POSITION OF FACH ELEMENT IN A BEXOGONAL ARRAY. »
Ty L P Y T Ty T YT
REAL+*4 X(NE),Y(NE)

INTEGER BAD(NE),IFLAG

HGT=(SQRT(3.1)/2.0)=S

SRS ERAREES TSR EBEEEARANP SRS I IR PSRN ENEREFANESENCAREAEEOREENEINT S

» CENTER KOU. .
LA EA L A YRR R R R AR IR R IR RSS2 RR 12X Y2 AR 1]
K=0 '

L:0

ININ=-NL*S

DO 1 I=0,2+NL
XX=XMINtTeS
IF (XX .GT. 0.001) THEN
L=L+1
CALL CHECK(L,NE,NBE,BAD,IFLAG)
IF (IFLAS .EQ. 0) THEN
K=K+1
X(K)=X1
Y(X)=0.0
ELSE
END JF
ELSE
END 1F
CONTINUE .
(IR RS TR ERT SRR S SRS R R R E R Y R N RS R F R R P R RSP RO R T Y YN Y
« TOP ROWS. .
LA A RN R AR N N A E N R N Y R P RN RS Y R NV R R Y P R R Y N RN ARy
INUM=2NL+1
DO 2 J=1,NL
INUM=IKUE-1
XMIN=-NL*+S4J45/2.0
DO 3 1-0,INUM-1

G+

. =3y A PN S I LM AR T A T S E A I Y T RIS AL S SO SN T M NI £ 3T TOT T < 2P IT e

e P I




148
149
180
181
182
163
154
188
158
15?2
188

-.189

160
161

182

(K. B]
184
1035
106
167
164
160
170
171
172
173
174
175
178
177
178
170
180
181
182
183
184
186
188
167
188
tRe
180
1%
102
163
R}
N
88

IX=IMIN+I+$S
IF (XX .GT. 0.001) THE¥
L=L+1
CALL CHECK(L,NE,NBE,BAD,IFLAG)
TF (IFLAG .BQ. 0) TBEW
K=K+1
I(K)=IX
Y(K,=BCT*J
ELSE
_END IF
ELSE
ENDIF . - . . - - . - ..
CONTINUE
CONTINUE
ttt‘t#t.0t‘.tﬁﬁ'.!‘..#!O!"ﬁ“‘.!"..!Q'.."".‘...#.b“‘.t.‘.‘.‘0‘
» BUTTUM ROWS. »
SESANACERB R AR N AABM RS SR AAAREA RGNS R SO P R AR AIASE LSRRI ESRsORSOse RS
INUM=2+NL+1
DO 4 J=1,NL
INUM= INUM-1
IMIN=-HL*5+J%5/2,0
DO 6 I=C,INUM-1
IX=3HIN+I*5
IF (XX .GT. 0.001) THEN
L=L+1
CALI CHECK(L,NR,XBE,BAD,IFLAC)
IF (IFLAG .EQ. U) TBEN
K=K+1
X(K)=X%
T(X)=-BGT*J
ELSE
EKD IF
ELSE
END IF
CONTINUE
CONTINUE
RETURK
END

SUBROUTINE CHECK(L,NR,NBE,BAD,IFLAG)

SRERRNP RSN RS NASS AR BERAARA GBS G BN B ARG N ISR AE RO PR N AR SIS
* CHECK TO SEE IF TBAT ELEMENT IS BAD. .
2 E AL AR AR NS YRR 2RSSR NSNS AR T EL LIRS RN A2 R R0 2]
INTEGER BAD(NE)
IFLAG=0
DO 1 1. .1,NBE
IF (L .EQ. BADP(1)) THEN
IFLAG=1
CLSE




107

190
200
201
202
203

208
200
207
208
209
210
211
212
213

233

238
237
238
239
240
241
242
242

244
245

O oo

[+ BN o BN o RN »}

100
99

END IF
CONTINUE
RETURN
END

SUBROUTINE BEAM{NE,U,X,Y,BWFN)
AEENEERRREAARENISRSRRES AN E S AR R EAIRENE NP KRG R IRAGH R RREERUI SRV R RS SR

» COMPUTE THE BEAM WIDTH BETWEEN FIRST NULLS. . -
PARRERRRSRAARRASR R RGPS ERANRRARORASARBR R R LU N LA R AR AR RERUS RN ERPERN SN

REAL U(NE),X(NE),Y(NE) ,KXI,KYI,KIP,KYP

RiD=.17463203E-01

TP=.8283186E+01 - -- - - - - - - - R SRR
TMIN=0.0

TMAI=12.0

P=0.0

FT=140

DT=(TMAX-TMIN)/NT

X R AT R A SR B RS EE SR R AL RS YL R Rl SRR A4S R TSR R 21t 2R

* FIND THE MAXIMUM VALUE. *

LA R AR RN YT RSP R SR RS R IR E R AR ENT RIS R 2R R 222 2 1)

CALL PEKPOW(RE,U,X,Y,KIP,KYP,PEAK)

(2 AL E RS ES L RN TR RIS VR R PR LRSS SRR R RSP RRIRSRYS 2 T S 22

+ RECOMPUTE AND NOW FIND THE POINT WHICH IS AT THE SLL BELOV THE «

+ PEAK. .
L T T P T T LTy TP Y Y PTTYT I
D0 3 1-0,NT

T=THIN+I*DT
TPS=TP+SIN(RAD*T)
KXI=TPS -
CALL POWI(NE,U,X,Y,KX1,0.0,POW)
IF (POW/PEAK .GE. 0.5) THEN
WRITE(2,100) T,10.0%ALOG(PON/PEAK)
GO TO 909
ELSE
END IF
CONTINUE
FORMAT(F10.6,1X,F10.6)
CONTINUE
BWFN=2.0+T
RETURN
ERD

SUBROUTINE KSPACE(NMP,NL,DS,SLL,NBAR,BBF KX ,KY)

LEE AR E SRR R R NSRRGSR R I 2 2R R IR R YRR R Y

* THIS SUBROUTINE SAMPLES THE KX >0 REGION OF K SPACE. *
AR SRS E A I NG A SR AO R R R A RA AR I RAAR RSO R AR NI BRI RN Ry
REAL®4 KX(+),KY(*) ,KC,KR,KIX KYY, KIMIN,KIMAX ,KTMIN KYMAX ,KNULL .

RAD=.17463203E-01
PI1-.3141693E+01




246 TP=.6283186E+01

247 € RERAFEARSSANAGRAQARARON RS ASECEORERRAREN NN QPSR RO A NSRS BACOUEREERREPI OO
248 C = COMPUTE THE FIRST ZERO OF THE THEORETICAL BAYLISS PATTERN. .
° 249 C L T L T T e T T Y Ry P PP T YT Y Y
280 S5=ABS(SLL)
261 C1=3.038763E-01
- 252 €2=5.042022E-02
283 C3=-2.7989E-04
254 C4=3.43E-08
356 Cb=-2.0E-8
256 A=C1+S%(C2+5+(C3+5+(C4+5+C6))) i o - _ __
""" - 267 C1=9.868302E-01
258 C2=3.33885E-02
260 C3=1.4064E-04
2680 C4=-1,9E-08
261 Cb=1.0E-08
202 ZETA1=C1+45+(C2+S#(C3+5+(C4+5+C6)))
263 U1=(NBAR+0.6)*SQRT(2ZETA1*ZETAL1/(A+A+NBAR))
284 C LA A R AR R RS R AR R YR SRR Rt SRR 22 R a2 A R Y]]
285 C = COMPUTE THE K VALUE OF THE FIRST NULL. .
208 C AN L R A A2 Rl 2 St R Al Rl IRl iR Y RPN YRR s il dy))
207 R=NL+DS
208 KNULL=U1/R
280 C RSN RANAAEREAREERR U A ANER R E N R ES RO R BRSNS NN R NN AN P DRI NI R RARSAE RS
* 270 C « COMPUTE THE MAXIMUM K VALUE ALLOWED FOR TBE FIRST NULL. =
271 C LA AR SR SRS A AR SR AR R YRS RS VRS RIS AR R YR IR0 R YR Y YY)
272 € KC=TP»0.4b
- 273 KC=BBF*KNULL
274 C AABEPEEESE LA RN PR AP EEO AN NP E VGRS R R SRR AR PRGN P SRR RN NEA SR INR RPN
275 C * GENERATE THE RECTANGULAR LATTICE OF SAMPLE POINTS. .
276 C REABA AN A SRS RS R AR AER SRR RSP NS S AR B AP RPN INE SRS D ERE BRGNS SR ERR R RR S
277 KYMIN=-TP
278 KYMAX=TP
279 KXMIN=0.0
280 KXMAX=TP
281 NKX=27
282 NKY=456
283 DKX=(KXMAX-KXHIN)/(NKX-1)
284 DKY=(KYMAX-KYMIN)/(NKY-1)
288 NMP=0
288 DO 1 I=0,NKY
287 KYT=KTMIN+I«DKY
288 DO 2 J=0,NKX
289 KXX=KXMIN+J*DKX
200 KR=SQRT(KIX*KXX+KYY#KYY)
201 IF ((KR .GT. KC) .AND. (KR .LT. TP)
: 202 ¢ AND. (KXIX .GT. 0.0)) THEN
203 NMP=NHP+1
284 KX(NMP)=KIXX
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208
90
97
08
99
300
301
302
303
304
308

- - 83068

308
308
310
311
312
313
a4
315
e
7
s
319
20
a1
322
A3
324

326
327
328
229
a0
a3
3232

34
335
33R
a7
338
338
340
KRN
342
343

0OaO00aq

(¢

KY(NMP)=KYY
ELSE
END IF
CONTINUE
CONTINUFE
RETURK
END

SUBROUTINE TAPER(KE,U,I,Y,SLL,¥BAR,KL,DS)
FEERRFAEERDARAS OISR REAERCAR RN NN RS NRP RN AR SN SR SRR RARRSCA S RUPR

» INITIALIZE THE AMPLITUDE DISTRIBUTION. .
* NOTE THAT THE AMPLITUDE=UsU. THE BAYLISS DISTRIBUTION PORMULAS = =
* ARE TAKEN FROM MODERN ANTEXNA DESIGN BY T. MILLIGAN. .

SREAFERERRNBARAREAS R AR AR NN AERR IR A BRSSO RS NBEESPINE Q00N RE O RIRER
REAL*4 U(NE),X(HNE),T(NE),RO0T(20),ZETA(4),UZER(20),8(20)
PI=.3141693E+01

ARG RABEIRAGEEIAR AR RES NGNS RP RN RN AN SR ST RN N E AR RN RO NSRRI R

+ DEFINE THE ROOTS. *

RESAF AR S AR NEPS AU SRS IBEINNR AP ERAADRNIS SRR I RAN GG E GRS A RI SR ARSI N RN
ROOT(1)=0.5860670
ROOT(2)=1.69270600
ROOT(3)=2.7171939
ROOT(4)=3.7201370
ROOT(6)=4.7312271
ROOT(6)=6.7346206
ROCT(7)=8.7388222
ROOT(B)=7.7285350
ROOT(9)=8.7398605
ROOT(10)=9.740896
R00T(11)=10.7417436
ROOT(12)=11.7424476
ROOT(13)=12.7430408
ROOT:14)=13.7435477
ROCT{(15)=14.7439866
ROOT(16)=15.7443679
ROO1(17)=16.7447044
BOOT(1€) 17.7450030
R0977(19)=18.7452807
ROOT(. )=19.7466093

AL AT R Y LR I TR AL L R R eIy P P Y Y Y Y PP EYT YT

e COMPUTE APPROXIMATE ARRAY RADIUS. .

SRS SO RNAPNRNEREERR OB NINNE Lttt NPIRSASOPN AN POO SRS e RS RASINEESR Oty
RADIUS=DSNL

AR LR A Rl A R T P L Y I T P Y Y

* CHOOSE SiIDELOBE LEVEL. d

BEEB AR AR RANEI S AR AN IR OIS SIS S U TP ROV AEP N ICI dR e sNSReRstes
CALL COEFF(SLL,A,ZETA4)

CALL NEWZ(A,ZETA,NBAR,ROOT,UZER)
CALL FBCOF(ROOT,UZER,NBAR,B)
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344

c

345 C
340 C

347
348
349
350
361
352
383
384

- 385 -

360
387
358
359
360
38)

3e2
3e3
364
385

367
388
399
370
a7t

a7a
ar4
3rs
76

378
are
aro
ELD
382
ELE
384
ass
386
387

ase
3en
391
302

100

SE SNSRI R R RN ENA SR RS DR ERAR LR AL PR RASE RSP S P OSSR G ORGSR b Gt N

*« COMPUTE AMPLITUDE. .
Y T L L T L P TP P YL T
DO 1 K=1,NE

R=SQRT(X(X)*X(X)+¥(X)*I(K))
COSPHI=X(K)/R
SUM=0.0
DO 2 M=1,NBAR
RHO=R/RADIUS
ARG=PI*R0OT(M)*RHO
CALL J1(ARG,BESS1)
- —SUM=SUM+B(M)#BESS1 - - - -—-- - — - - — —- T omsoms o mmcm o — o
CONTINUE
AMP=COSPHI*SUM
U(K)=AMP
CONTINUE
CALL NORMAL(NE,U)
DO 3 I=1,NE
WRITE(2,¢) I,X(1),Y(1),R,RADIUS,U(I)
CONTINUE
FORMAT(I6,1X,F10.4,1X,F10.4,1X,F10.4)
RETURN
END

SUBROUTINE COEFF(SLL,A,ZETA)
REAL*4 ZETA(4)

S=ABS(SLL)

€1=3,038763E-01
C2=5.042022E-02
C3=-2.7TVBPE-04

C4=3.43E-08

C6=-2.0E-8
A=C1+S*(C2+S+#(Ca+5+(C3+5+CB)))
C1=0.8p8302E-01

€2=3.33886E-02

C3=1.4064E-04

C4=-1.9E-04d

C6=1.0E-08
ZETA(1)=C1+S5¢(C2+5+(C3+5+(C4+59CB)))
C1=2.00337487

C2=1.141648E-02

C3s4.160E-04

C4=-3.73E-06

Cb=1.0E-08
ZETA(2)=C1454(C2+5+(C3+5+4(C4+5+C5)))
C1=3.00636321

€2=6.83304E-03

C3=2.92B81E-04

C4=-1.61E-06
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303 ZETA(3)=C1+45+(C2+5+(C3+5%C4))

304 C1=4,00618432
308 £2=5.01796E-03
306 C3=2.173BE-04 -
397 C4=-8.8E-07
308 ZETA(4)=C1+5«(C2+45+(C3+5+C4))
309 RETURN
400 END .
401 C
402 SUBROUTINE NEWZ(A,ZETA ,KBAR,ROOT,UZER)
403 REAL*4 ZETA(4) ,RO0T(20),UZER(20)
_ o _ — - 4o4 T TTDOY N=1,4 0 o m oo e s — o -- - - -
408 ARG=ZETA(N)*ZETA(N)/(A*A+NBAR»KBAR)
406 UZER(N)=ROOT(NBAR+1)~SQRT(ARG)
407 1 CONTINUE
408 DO 2 N=b,NBAR-1
409 ARG=(A*A+N«N)/(A=A+NBAR*NBAR)
110 UZER(N)=ROOT(NBAR+1)*SQRT(ARG)
411 2 CONTINUE
412 RETURN
413 END
11a C
416 SUBROUTINE FBCOF(ROOT,UZER,NBAR,B)
418 REAL¢4 RDOOT(20),0ZER(20),B(20)
417 REAL+8 RAT,UN2,RM2,RN2,PR1,PR2 .
418 PI1=3.141603
419 DO 1 M=1,NBAR
120 RM2=ROOT(M)*RCOT(M)
121 PR1=1.0 -
422 DO 2 N=1,NBAR-1
123 UN2=UZER(N)*UZER(N)
424 RAT=1.0-RM2/UN2
425 PR1=PR1*RAT
426 2 CONTINUE
427 PR2-1.0
428 DO 3 N=1,NBAR
42y IF (N .NE. M) THEN
430 RN2=ROOT(N)*RODT(N)
431 RAT=1.0-RM2/RN2
432 PR2-PR2*RAT
433 ELSE
134 END 1F
435 3 CONTINUE
FET ARG=PI*ROOT(M)
407 CALL J1(ARG,BESS1)
430 B(M)=(RM2/BESS1)+(PR1/PR2)
130 1 CONTINUE -
410 RETURN
441 END

70




442
143

C

SUBROUTINE J1(IX,BBSS1)

444 CRHOANRARGIQARIRERNSERRRAR SRR NN RR RN AN ENR RS RERNGIRaRARARRRRBent ettt s

445 C THIS SUBROUTINE COMPUTES J1(X) Y
446 CHIEraaat st tent s8R d e s ettt ettt st et ti st Antstistndsntsssessetnnsnd(

447
448
440
480
451
452
483
454
455
458
487
458
459
460
461
402
441
464
465
406
467
468
489
470

472
473
474
475
476
477
478
479
480
481
482
483
461
4R5

487
148
89
00

(]

~ B0=0.7967884586

40=-0.50249985
41=0,21003673
42=-0.03964289
43=0.00443319
44=-0.00031761
46=0.00001109

B1=0.00000166

B2-0.01669667

B3=0.00017106

B4=-0.00248511

B6z0.00113663

B6=-0.00020033

C0=-2.36610449

€1=0.12409012

€2=0.00006660

€3=-0.00837879

€4=0.00074348

CR=0.00079824

€6=-0.00029166

IF ((X .GE. 0.0) .AND. (X .LE. 3.0)) THEN
5=(X/3.0)s(X/3.0)
P1=5+(A0+S#(A1+4S*(A2+5*(A3+S%(44+4625)))))
BESS1-=X+(0.6+P1)

ELSE IF (X .GT. 3.0) THEN
T=3.0/X
Q1=BO+T+(B1+T«(B2+T+(B3+T*(Bq+T+(B6+B6+T)))))
V1=X4CO+T*(CL1+T#(C2+T*(CI+T+(C4+T+(C6+C6+T)))))
BESS51=Q1+C0S(V1)/SQRT(X)

ELSE

END IF

RETURY

END

SUBROUTINE CGRAD(NE,NSP,NMP,NS NI, U, X,Y,S,NP,IP,KX KY,GN ,H,P,Q,R

&,2)
L R Ry Ty T T T L L
* COMPUTE POWER INK A SINGLE DIRECTION. b

LEL RS RN R T R PR R R P T S R R R P N R N R P R R R RN S R R P Y R R R R O R PR R TR IR
REAL*4 U(NE) ,X(NE),Y(KRE),S(RE),GN(NE) ,B(NE,NE),P(NE),Q(NE) ,R(NE)
REAL+4 Z(NE) ,KX(NSP),KY(NSP) ,KXI KYI,KIP,KYP
INTEGER IP(NSP)

A EEEEELT RN YRS RS Y E RIS PR R FE S NS SRR RIS RS RN RS TSV RS SSTR T S L]

« INITIALIZE THE NUMBER OF SIDELOBE SAMPLE POINTS. *
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W C REREARARA LR AR RN NSRS RRRRERRR R RV ERPEIR SIS SR AR EAPRARENERRER R NSRS

402 HP=0
403 C SERABR PRI ARG R IR ERERNEPEOR IS L HRIREI IR LGSR NRVERRARINSGERBIGEEORR IR
494 C + PERFORM NS RE-STARTS. * .
405 C RESRARARAR SRR RN IR AR B ERNPRSRI RO ISR RERRICRRACENPRNERIRP RSN G
408 DO 1 L=1,KS
497 C CARREAAERCAELIE NGRS S NAFEA NS ER SN AR ARG HBRIB IR SRRt RP RS
408 C +» FIRD THE PEAK SIDELOBE POWER POINT AND UPDATE THE NUMBER = *
499 C * OF MATCH POINTS. hd
s00 C BEARRRNRARSRARR R AN S ARRRRACARRINR SRR RSB LRSS RERERFNRICEIIRR R
o 501 CALL PEAKSL(NE,U,I,Y,NSP,NMP,KI KY,KIP NP,PMAX)
502 C PR SEALE SRR AN E SRR RO RIS RN EASEANGAIRPRARARB RO AR RO RRA RO o R - T
503 C = FIND TRE POWEH IN TEE MAIN BEAM. *
504 ©C BERSARERERIPAI SN NS IR RS RIS R AR R R AN NSRS RARRA S AR NS RRRR R
505 CALL PEKPOV(KNE,U,I,Y KXP,KYP,PEAK)
5n@ PO=PEAK
sa7 C LR L P T Y
so8 C +» COMPUTE AND STOKE AN ARRAY OF THE 1ST DERIVATIVE OF THE *
509 C * POWER IN THE MAIN BEAM DIRECTION WITH RESPECT TO THE MTE =
s10 C « VARIABLE. *
511 € CFRARABEAS RS EP S AN R AR RN A AR AR AR E AN I R RGPS P OREI PR ER RGNS R RN
512 DO 2 M=1,NE
513 CALL DPOWI(NE,U,X,Y,M,KXP,KTP,DPWI)
514 S(M)=DPWI
516 2 CONTINUE .
516 C PERU LRI EERENEASAA RN SRR SRR S S AR LA AL SR ENRIRRERRR AP AR N AE R TGRS
517 C +« COMPUTE AND STORE THE AVERAGE SIDELOBE POWER. b
18 C FERKRAREARRIRARN N R R AR SRR A S A ERSAN RN E R AP R R A NSRS R R e RS Rase
519 P4=0.0 N
520 PO 3 I=1,NP
521 CALL POWI(NE,U,X,Y KX(IP(I)),KY(IP(I)),PONERI)
522 PA-PA+PUWERI
523 3 CONTINUE
524 PA=PA/NP
525 WRITE(+,200) L,10.0+=ALOG10(PA/P0),10.0*4L0G10(PMAX/PO)
528 WRITE(2,200) L,10.0*ALOG10(PA/P0),10.0+*ALOG10(PMAX/PO)
527 200 FORMAT(1X,15,1X,’AVE PEAK SLL’,1X,F15.6,1X,
528 & 'PEAK SLL',1X,F15.6)
620 C AR R R AL R A T Y 22 Y T Y R P P YRS E Y Py
530 C » COMPUTE THE NEGATIVE OF THE GRADIENT. .
531 C LR Y Y e Y T T P Y L T T YT R L P YTy
532 DO 4 M=1,NE
533 C LA L A N R R R AL I R PR R R E R PR R A PR R
531 C + COMPUTE THE DERIVATIVE OF THE AVERAGE SIDELOBE POWER. =
536 C EHRVOH ISR INPEASRARSESENCH P AR AN RE R RPN A RANCASOHE RS ET RS
539 DPAM=0.0
537 DD 6 I=1,NP
536 CALL DPOWI(NE,U,X,Y,M,KX(IP(I)),KY(IP(I)}.DPWI)
539 DPAM=DPAM+DPWI

T2




5§40

842
543

B4
648
847
(11}
549

650

852
5.3
554

566
5§57
558
650
580
561

503
584
L1
566
507
608
580
K70
571
572
573
574
575
578
577
678
570
6580
581
682
583
584
585
[3.14]
587
5R8

[+ 2N+

(o B oI o B 0

OO0 OO0 D0 N

N

O O 0O »

13

O

CONTINUE
DPAM=DPAM/NP

stttk ndtntss Rttt tigdar Rt dndgdadtnnbens

» COMPUTE THE NEGATIVE GRADIENT. .
T T D T N T YT Py T T P P TP P
GH(M)=(PA+S(M)/PO-DPAM) /PO

CONTIRUE

Ty T P Y Ty Ty T T P Y T

* COMPUTE THE HESSIAN. »
BPARERAPEE R AR AR AN AR L RENARR B ESERARRCH ARG ESAREARRENPLR AR RO ERR
DD & M=1,NE
DO 7 N=M,KE
CALL DDPOWI(NE,U,X,Y,M,N,KXP,KYP,KDDPWI)
DDPO=DDPWI
DDPA=C.0
DO 8 I=1,NP
CALL DDPOWI(NE,U,X,Y,M,N KX(IP(I)),KY(IP(I)),DDPWI)
DDPA=DDPA+DDPWI
CONTINUE
DDPA=DDPA/RP
H(M,N)=(GN(H)*S(M)+GN(M)*S(N)+DDPA-PA*DDPO/P0)/PO
H(M,M)=B(M,¥)

CONTINUE
CONTINUE

(2 AT LR RN RS R AT SR R R AR AR R RSN RES SR TSIV SRS E
« START THE CONJUGATE GRADIENT ALGORITHN. .

LA SRR L AR ] R A Rl R LT RT R S I S PR PR R RS ES RSS2 2
(LT TR R RS R LS R RN R P R P P R P R R T PR R PN T Y ST Y EY T VR T
+ INITIALIZE THE RESIDUAL. .
X RS SRR LTI R AR TR R A PRI YRR IR SR VRS IR RSS2 2
DO 12 M=1,KE

P(¥)=GR(M)

Z(M)=0.0
CONTINUE
T P T YT P YT Py Y
* INITIALIZE SEARCH VECTOR. »

[ EARE RSN AL IR AR R P SRR T YR PR PN SRSy PR TSRS RS E Y Y
CALL MATVEC(NE,E,R,Q)
CALL NORM22(HE,Q,QN)
BEO=1.0/QN
Do 13 1I=1,NE
P(I)=BEO*Q(I)

CONTIRUE
L T R T
- VYERFORM CONJUGATE GRADIENT ITERATIORS. .

(A2 AT AR IR AL TR AR R R A A A TR R RN N R a0 LY R R R Y Y Y O
DO 14 K=1,NI
LR L L Y YL Y L)

= UPDATE AMPLITUDE VECTOR AND RESIDUAL. .
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589
500
[ 121
662
893

1b

600

oo

16
14

2]

17

(2]

101

09

[g]

AERRRCAQR A ERR AR C AR R E AR PR R RN ERRERC L ARG QAR R AR E AN RRERERRRED
CALL MATVBC(¥E,B,P,Q)
CALL NORM22(NE,Q,QN)

AK=1.0/Q¥ .
DO 16 I=1,NE

Z(1)=Z(I)+AK*P(I)

R(I)=R(I)-AK+*Q(I)
CONTINUE : .

CALL NORM22(RE,R,RN)
ERR=SQRT(RN)
WRITE(+,500) L,X,ERR
"'WRITE(2,500) L,K,ERR
FORMAT(3X,’RESIDUAL’,1X,13,1X,13,1X,E156.8)

EARAR R GAS PP RGOSR O ENREI P RES AR * AR PRI R AP EUS SR RSP R RS SeR

» UPDATE SEARCH VECTOR. .

RAGERFARGEFEBAR QR AR R ER RSB RN RGO YR G AR R R SRR RPN AR E RSN

CALL MATVEC(KE,H,R,Q)

CALL NORM22(NE,Q,QN)

BEK=1.0/QK

DO 168 I=1,NE

P(I)=P(1)+BEK=Q(I)

CONTINUE

CONTINUE

I RS S R R LR R Y R R R Y P R P RS R R SRS SRR RIS SRS R 3.0 ) ]

+ UPDATE AMPLITUDE VECTOR. . .
IS TR PRSI L R R EVITE RSS2 233300 R 2 2R R RASE D ST

DO 17 [=1,NE

UCI)=U(I)+2Z2(I)

CONTINUE .
CALL NORMAL(NE,U)

A R A L A R R PR A RS SRS N RS R SRR AR Rt LRl

* WRITE OUT THE NEVW ESTIMATE TO A FILE. L]
ERXCEAPAERAR AR AU RS S RN R EAN SN RN NGB ARG ARG RA U BRI ERARA R QERUSRERD
REWIND 4

WRITE(4,101) (I,0(I),I=1,KE)
FORMAT(I5,F15.7)

IF (NP .EQ. NMP) THEN
GO TD 99

ELSE

END IF

CUNTINUE

CONTINUE

RETURHN

END

SUBROUTINE PEAKSL(NE,U,X,Y,NSP,NMP,KX,KY,IP,NP,PMAX)

PR AN N R AN R RN S R R R N R R RS R P RPN Y PR RSSO RN YRR RS AR Y] »
« THIS SUBROUTINE FINDS THE PEAK SIDELOBE POWER LEVEL COORDINATE =
« POINT (KX(LMAX),KY(LMAX)). 1IF TBE POINT IS NEVW THEN IT IS .
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658
a5e
268
ael
862
LI.R]
A6
sas
da6qa
a7
ags8

e7(
avl
672
a73
a7
075
aTe
877
878
0/6
LLIY
(LN
87
axy
ANt
aH"

LT

(2]

QOO0 a0 -

O

(o 2 o Bl |

* ACCUMULATED INTO THE POINTER ARRAY IP. THE NUMBER OF POINTS IN +
« THE INTEGER POINTER ARRAY IP 1S NP SUCH THAT IP(I),I=1...NP. .
‘ttntt.‘v.t!.t!“t!Ott..‘.ttnltlt.“.t..“l.tttcttttttt‘ttt‘ttmtttt
REAL U(NE),X(NB),Y(NE) KX(NSP) KY(ESP)
INTEGER IP(KSP)
BERASORAR AR NS I NEN RS RN RSSO AP NI RS NGRS R AR RA R RREN RSP ARG KSR
» COMPUTE TRE POWER AT EACH POINT AND FIND THE MLX. .
Ottttttnotltttt“t‘t‘#ttt“tttt####.“tt.“."tw4“0“‘#“.“0
CALL POWI(NE,U,X,Y,KX(1),KY(1i),PVWI)
PMAX=PWI
LMAX=1
DO 1 I=t,NMP _ _
CALL POWI(NE,U,X,Y,KXI(I),KY(I),PWI)
IF (PWX .GT. PMAX) THEN
LMAX=1
PMAX=P¥I
ELSE
END IF
CONTXINUE
tttt!t‘#ittﬂm"tt#ﬁ‘ttttt‘t‘tl“‘t.0#‘010.0‘#“‘.‘!!0‘.‘."0‘0

» COMPARE LMiX TO ALL THE PREVIODS POINTERS IP(I),I=1...NF. *

» IF LMAX MATCHES ONE OF THE PREVIOUS POINTERS THEN THE *
» POINTER ARFAY NEED NOT BE UPDATED (IFLAG=1). IF LMAX DOES »
+ NOT MATCR & PREVIOUS POINTED VALUE (IFLAG=0) THEL IT .
s BECOMES THF NP+1TE ELEMENT OF THE POINTER ARRAY. L
.‘-‘t..‘t‘0ti““‘.‘."‘Q.‘.“.OO“““!t“#““"“““#.“#.
IFLAG=0
» 2 I=1,NP

IF (IP(I) .EQ. LMAX) THFY

IFLAG=1

ELSE

END IF
CONTINUE
IF (IFLAG .EQ. 0) TBEN

NP=FP+1

IP(NP)=LMAL
ELSE
END IF

RETURN

nEp

SUBROUTINE POWI(NE,U,X,Y,KIT,KYY, POWERI)

LR RN ] 000otnttt.nt-.ti‘-'l-#vcﬁo-'v.ln“-..t‘tt‘.?.“..‘..." (A XN ERE N RN
+« CCOMPUTE POWER IN A SINGLE DIRECTION. .
R R L TRy sy vy e vy YT PR Y PRV AN S SR RN R R AN L DL A A L a)
REAL U{NE),X(ME),¥(NE),KXI ,KTI

SUN-0.0
Ny 1 K=1,4E

PSI=KXI+T1{{)+ XTI+ T{K}




687
[.11.)
[.1.1")
098G
601
692
ay3
604
(.12
896
697
098
(1'1*]
700
701
702
703
704
708
706

727

OO OO0

(e 2N o)

0O

O a0

«Q

SUM=SUM+U(K)*SIN(PSI)
CONTINUE
POWERI=SUM*SUK
RETORN
END

SUBROUTINE DPOWI(KNE.U,X,Y,M,KXI,KYI,DPWI)
FERRREARI AR CEA R CAENRICIRIRERIR AR NRERARE S S SRR AR P EAR SR OB SR AR K KINSGS

* COMPUTE 1ST DERIVATIVE OF POWER WITE RESPBCT TO TAE MTH VARIABLE*

« IN THE ITH DIRBCTION. *
AR RSN AARARAS AR SRR AR SRR R NS RERAA NI SR AN RN EA R SRR ARERRERANE

REAL U(NE) ,X(NE),Y(NE) XXX KYI

.tttt“tt.tt‘.‘“t“-".“.“..‘...‘t““.ﬁ‘..““‘l““#"t‘.i‘#“

+ COMPUTE T1 AND VI. J
SAEEEPREAREAARARRRNKINRRIR RS RN SRR RAE SR RGN GO LAR UM R NG Rt b itttk
SUM=0.0

DO 1 K=1,NE

FSI=KXI*X(K)+KYI*T(K)
SUM=SUM+U(K)*SIN(PSI)

CONTINUVE
P N LTI T Y T TR R R YL
+ COMPUTE 1ST OERIVATIVE OF TI AND VI. *

L R Ly r Y S ATV P VY Y TR RA RS PN RS S A R LA Y 2 0
PSIM=KXI*X{M)+KTYI*T(M)

DPWI=2.0+SIN(PSIM)*SUM

RETURN

END

SUBROUTINE DDPOWI(NE,U,X,Y,M,N ,KXI,KYI,DDPWI)

X L L I Y R R e s N R R P SV YRR SRR SN ISR LR R L R 2 A1 SR 2
« COMPUTE 2ND DERIT ~ OF POWER WITH RESPECT TO THE M AND NTH .
« VARIABLES IN TT " JIRECTION. *
(EE RN YR EREN R RN PE YT RPN NSNS SRELRR NS L R LS R S SN2 202 2 2 )
REAL*4 U(NE).Y{NE),Y(NE),KII,KYI

I R R E Y e S PP e R YT T T LR R PR YT NN TSN S22 2R LR S YRR AR NR kL)
+ COMPUTE 24D DERIVATIVE OF TI AND VI WITH RESPECT TO M,N. »
R T Y P P R P P F Y Y YRR SRR AR PR R R LS A R R R R )]
PSIM=KXI*X(M)+KYI*Y(M)

PSIN=KXT«X(N)+KYI*T(N)

L R R Y N s T s XX R RS RN TR RN R NS R REN R RS R S R E RS R QR 2 22 Y}
+» COMPUTE 2ND DERIVATIVE OF POWER. .
R Y Y N Ry PR R YN RN R AR R N PR RS AR R R R NS R 2 R AR 2 R RS )
DDPWI=2.0«SIN(PSIM)=SIN(PSIN)

RETURN

END

SUBROUTINE HORM22(N,4,AN)

R N R Y M Y R TR R VIR SRS SRR YRR AR A SRR AR RS RE YY)

« THIS SUBRNUTINE COMPUTES THE EUCLIDIAN NORM SQUARED OF A. *
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730 U

737
738

. 730
740
741
742
743
74
T4

. 748
743
746
748
750
751

764

757

7Tt
772
773
774
7S

—ry
77

777

~3 -4
N~
T @

781
TR2
783
L1}

S i Y 3 M2 22 1 0 L A S T T

(2]

O

[g]

t‘n‘.tt“ﬂ‘nt‘tt“t..t.n‘tl“‘#t‘ta“..t.t‘-.‘.‘ntm‘t.lttt._‘ttti‘.‘
REAL*4 A(*)

AN=0.0

DO 1 I=1,N

AN=AN+A(I)*A(I}

CONTINUE

RETURN

END

SUBROUTINE MATVEC(N,H,P,Q)
lUQl.'.““‘l«!t“.*"i“‘t“tit““'.!i.tlAtt.i!t“t‘tttt.#“t‘.‘0“‘

.= THIS SUBROUTINE .COMPUTES THE MATRII PRODUCT Q=HP, : .

PR AIE AN AS GRS GIRAB P LUIN AR E RS URRASR WS EIAAR N ST ARE R AN S AR AR SRR NE
"REAL*4 H(F,N),P(K),Q(K)
DOt I:1,M
 SUM=0.0
DO 2 J=1.K
SUM=SUN-H(I,J)»P(J)
CONTINVE
Q(1)=SuK
CONTINUE
RETURN
£MD

SUBROUTINE HORMAL(N,R)

BILAPAZA A4 A AT EESFBANKEBINURSAAAS R A AN RPACH IR RGO ORI U IRt S adeIes s
= TE{S SUBRODTINE NORMALIZES A VECTOR OF LENGTH F. .
RSP F ARV AARE R ST N ESR I A ADENENP A A SN RIS ARG SN h IR ARy oREAnS
REAL#4 A(H)
VMAX=A(1)
DC 1 I=1,H
IF (A(1) .GT. ¥MAX) THEN
VHMAX=A(T)
ELSE
END IF
CONTINUE
DO 2 I=1,%
A(I)=A{1)/ABS(VKAX)
CONTINUE
RETURN
END

SUBROUTINE PEKPOW(NE,U,X,Y,KXP,KYP PEAK)

D Ty TR R R L R A P R L L
+« COMPUTE POWER IN A SINGLE DIRECTION GIVZN 4 THZTA AND PHI. -
T L T T T T T T P T T TR Y NPT A
REAL U{NE),X(NE), T(NE) ,KXI XYX, £IP, KYP
RAD=-.17453293E-014

-~
~1

ey |




766
Tese
787
788
780
760

L¥ats
30
A3l

LER]

2

a

a O 6

TP=.6283186E+901
TKIN=0.0
TMAX=30.0
PMIN=-10.0
PMAX=10.0
NT=6E
NP=4b
DT=(TMAL-THIN)/NT
DP=(PMAX- PMIK) /NP
DO 1 I=9,RT .
T=THIN+1+DT
TPS=TP*SIN(RADeT)
DO 2 J=0,NP
P=PHMIN+J«DP
RP=RAD#P
KXI=TPS~CDS(RP)
KYI=TPS+SIN(RP)
CALL POWI(NE,U,X,Y,KX1,KYI,POW)
IF (I .EQ. 1) THEN
PEAK=PUW
KXP=KX3
KYP=K711
TREPK-=T
PRIPK=P .
ELSE IF (POW .GT. PEAK) THEN
PEAK=POW
KXP-KLI
KYP-KTI
THEPK=T
PRIPK=P
ELSE
END IF
CORTIVUE
CONTINUE
WHITE(+,*) THEPK,PHIPK,KXP,KYP,PEAK
WRITE(2,+) THEPK,PHIPK KXV, ,XYP,PEAK
RETURY
END

SUBROUTINE GAIN(NE,V,X,Y,GDB)

SSEAIRESRERSSCEAG SRS N LRI OIRECI RN RN RB AN ES 0NN IRt PdE Attt

+ CUOMPUTE PCVWER 1IN 4 SINGLE DIRECTION. .
LI X R R Y P PN YR Y RS RS R EA AL R R R R R AR R R R LA Rt Al l)
REAL U(NE),X(NE),T(NE) KXP,KTP

RAD=.17463293E-01

P1-.3141k93E4101

TP=.6283186E+01

 EE R A P R T R P P PSR PR S RN RN S RS R YIS R AR R R L L2 0 2 22

* GRAPH INPUTS he
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840
841

842
843
Ci4
845
a4e
847
848
849
850
&u;
852
853
854
as5s
a58
857
458
Asn
L1
801

£62
&A1
884
Aas
LEL]
Buv
f.ay
300
870
4T

av2

B74
BT5
8/0
R77
R7R
873
“AN

#A)

as?

c

[}

o

D

@O0

(2]

PIRLEEASANERGEEE RN RSPk P RAN SSRGS AP S I RR RN AR RA QAR HAE R RN RAR DS

¥P=41

ER=36

PHIN=C.0

PMAX=360.0

TMIN=0.0

THAX=80.0

DP=(PMAX-PMIN)/(NP-1)

DR=(TMAX-TMIN)/(NR-1)
SPERRRERENEEASEARPEI R RO RARNERCA S AR AR LASPOS R ECS S PRI RN RO EAS
+ COMPUTE PEAK VALUE. .
‘.‘.“l‘.‘-‘..““‘O“*“‘.‘““‘“““‘0.“‘.“““‘.t"f“?‘
CALL PEKPOW(NE,U,I,1,KIP,KTP,PEAK)

LI IR R R Y RS SS R R RSN RSN LR E RS PR RE RS R R R R Rt 1 2 ] )

* COMPUTE THE SOLID ANGLE. *
Y Ty N T T Y P T Y Y Y P Y
SUM=0.0

DO 1 7=0,NR-2
T=TMIN+DR/2.0+I¢DR
ST=SIN{RAD*T)

DO 2 J=0,NP-2
P=PMIN+DP/2.0+J#DP
CALL POWER(YE,U,X,Y,T,P,POW)
SUM=SUM+ST+POW
CONTIRUE
CONTINUE
SULID=RAD*RAD*DR+DP+*SUM/PEAK
GDB=10G.0+ALOG10(TP/SOLID)
RETUR:
END

SUBROUTLHE POWPAT(NE,U,X,Y)

N R ARG P ARG AP NN EENBER RS NEN RS AL AN N IO R AR I C AR AR EBS A AR ARNE AR NSRS

s CAMYUTF, PCWER Id A SINGLE DIRECTION. »
[ 2 A X E R F Y YL Y VY Y P Y Y P R PR Ry PR P NN ISR RS PR RS SE AL 20 1)
REAL U(NE),X(¥E),Y(NE) ,KIP KYP

OPEM(UNIT=7,FILE="DATA')

RAD=.174563293%-01

PI=.3141683E+0)

TP-.0283186E+31

RN R R Ry e P Ry EE R PRI S LTI Ry ]
* GRAPH INPUTS *
R N R Y R R TN Y Y]
NP-41

NR: 26

N5=C

PHIN=0.0

PMAX=3€0 v

ThIN=0.0




883
884
a8s
a8¢
887
888
08¢
890
891
892
883
094
895
898
897
8ng
800
800
01
202
903
003
905
voe
907
908
)
810
o1l
912
913
914
915
ely
07
PR
ote
920
021
922
923

925
020
027
628
929
030

031

(o

[

O OO0 00N

[+ IKe]

TMAX=00.0
DP=(PMAX-PMIN)/(NP-3)
DR=(TMAX-TMIN)/(NR-1)
AX=150.0
AY=AX
AZ=680.0
P0=66.0
Q0=60.0
XA=-2.0
IB=2.0
YA=-2.0
_YB=2.0
ZA=-2.0
2B=2.3
AT=.3
WRITE(7,+) NP,NR,NS,AX,AY,AZ
WRITE(7,+) i4,iB,74,YB,24,2ZB
WRITE(7,+) AT,PO,Q0
SRR e R AR AR AR RGN EATRE SN R RS SRS RS S B AL PRI ARSI R ES RPN SO RSCO BRGNS
= PHI VALUES. .
SRR R R NS SRS RS S R P RN SRR SRS AR R D E N AR RS ARP RGP SRR PR RGN e PP
D0 1 I=0,NP-1
P=PMIN+I*DP
WRITE(7,+) RAD*P

CORTIRUE
L T T N T PR T Y YT
« RADIAL (THETA) VALUES. .

MRS IR RS AL S AR R R P RS R R A NS PR SRR RS ES R S R R ] )
DO 2 1I=0,NR-1

T=TMIN+I*DR

WRITE(7,*) RAD*T

CONTINUE
L P P T TR Y T
* FUNCTION VALUES. *

FAXBARBNABASIS RS AR NSRS NE AR PSR R A NS S LA S LB ARS RS A SRR A RAASRSA OIS
(AR AR A RS R L A R 2 R Y R R 2 R TSR RS AR SR YRS RS2 2R 2]
» COMPUTE PEAK VALUE. .
AR RN A ER LR R SRR R RS R R R Rl RTRYS ARt R SR 2]

CALL PEKPOW(NE,V,J,Y,KIP,KYP,PEiK)
R E R LR ALY IR L LTSRS R IR RIS RS SIRS SRS E 2
+ WRITE OUT THE NORMALIZED POWER. -
SRR NN END X NESRRASE RSO NP USRS RN EPEPEEESESENOSARES IR SO ABR
DO 6 I=0,NR-1
T=THIN+I«DR
DO 6 J=0,NP-1
P=PMIN+J*DP
CALL POWER(NE,U,X,Y,T,P,POW)
WRITE(7,+) POW/PEAK
CONTINUE




01 b
933
34
03s C
036
937 C
038
e3g C
940
041
942
943
844
945 C
048 C
047 C
v48
040
950
951
052
9Ll
@54

O

958

o800 C

Pes

CONTINURE
RETURN
ERD

SUBROUTINE SPOWPAT(NE,U,I,Y)
AR RN RA R RO ERER R R R RO E RN A RN R RN R R R AR R G A S RN OB R E RN PN RS RS

* COMPUTE POWER IN A SINGLE DIRECTION. .
EERRRRR RSN ERNRNASN P SRR RN RPER AR AR RN RGN ERNEB AR RN ER RN R R AP RS RN
REAL U(NE),X(NE),Y(HE) '

OPEN(UNIT=6 ,FILE='SDATA’)

RAD=.17463293E-01

_PI=.3141693E+0Y = o - e

TP=.6283166E+01
AR RN RRC R AR RPN PR AR AN S AN RN R AR R AN IR E AR RN EER R NI ISR R R A SRR AP
* GRAPH INPUTS *
RREABFE SR ERE RN E RN NN R AR SRR R AR E A AR R E AN EA RIS RN RN R R RN kS
NP=110

NR-B3

NS=0

PMIN=0.0

PMAX=380.0

TMIN=0.0

TMAX=00.0

DP=(PMAX-PMIN)/(NP-1)

DR=(TMAX-TMIN)/(NR-1)

4X=600.0

AY=AX

A2=4)

P0O=85.0

n0=60.0

44=-2.0

IB=2.0

T4=-2.0

YB=2.9

Z4--2.0

2B=2.3

AT=.3

1T=4

WRITE(8,*) NV ,NR,NS,IT,AX,AY,A.

WRITE(B,-) X4,XB,Y4,YB,ZA,2B

WRITE(S,*) AT,P0,Q0
ttﬁttat*t-.ttt“‘tt‘.,ttl“tt.t‘h‘.t‘.-‘vt“.tt‘n (XTI AT I AA R IR RS Y 03
+ PHI VALUES. »
t.‘.‘ﬂ-t..lt‘t‘it'h‘....‘tt.‘lt..‘.ttt't‘t“ﬂt.t‘..t.a‘.tn#t..d ehoh
DO 1 1=0,KP-1

P=PMINI I«DP

WRITE(8,=) RAD*P

CONTINUE

bR R L R A e P L L T Y Py Y T TP Y Y Y Y Y Y Y

81

N A AR DR i B Y AR Y kRS = BT Y Y ¥ R R TR R B T P L TR R R TEEES IR Y SRS O




981
082
983
084
085
o686
087
988
080
990
001

993
604
905
1-1°1:)
897
908
090

1000

1001

1002

1003

1004

1005

1008

1007

1008

1009

1010

1011

1012

1013

1014

1018

1018

1017

1018

1019

1020

1021

1022

107 ¢

1024

1728
101n

1027

1018

1029

¢

‘anooo0oo0a

O QO W o

* MADIAL (THETA) VALUES. ¢
SIS AREEANAERARERIRINRAIREIERARRNENEASAISRNIREORGREREOQI LRGN

D0 2 I=0,H§R-1

T=TMIN+I+DR
WRITE(8,*) RADeT i
CONTINURB
-‘#l“.““..‘.'.‘l..“l....“.".““......““l..‘.“‘.““‘.‘.‘.
+ FURCTION VALUES. hd .

SRS AR B ARG LR RIE RN EASEE NS GO ISR AR RN RE PRSP ENENNOLPG PO GOSNV RS IS
EXRRERANNRERER S RRERERARE AR SRS RNEBHGEREBREEB PO IS0 0SSP S08
« COMPUTE PEAX VALUE. .
’.““‘“-““..“".‘......_‘_‘_‘“‘.._?'..._‘_._.“O.‘_.‘_‘...?..,‘_“_.,:. .

" PEAK=-100.0
DO 3 I=0,NR-1
T=TMIN+IDR
DO & J=0,§P-1
P=PMIN+JsDP
CALL POWER(NE,U,X,Y,T,P,POW)
IF (POW .GT. PEAK) THEN

PEAK=POW
ELSE
EXD IF
CONTINUE
CONTINUE
LY TR Y Y T R R P Y R TR P ST R PRSP P YRR R R R LR SRR 4 20 1)
» WRITE OUT THE NORMALIZED POWER. » ’

FRRRAE ARG R A RE A RN R RS SRS NS RER SRR AR RS S AR ARk NG NI SndaR
DO 6 I=0,YR-1
T=THIN+I+DR -
DU 6 J=0,NP-1
P=PMIN+J«DP
CALL POWRR(NE,U,X,Y,T,P,POW)
WRITE(8,+) POW/PEAK
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE FOWER(NE,U,X,Y,T,P,POVW)

APEB A AR L AN RIS AR A GRS G S ARSI RPIN P SN SR RGNS N ANR IR RSP S EI RSN R BRSO RIS
» COMPUTE POWER IN & SINCLE DIRECTION GIVER A TEBETA AND PHI. .
[ E X Ry R Y P TR R R R P R R N R U N NN RN Y SRR RSN AN L L L]
REAL U(NE),X(NE),Y‘NE) KXI KTI

RAD=.17463293E-01

TP=.628318BE+01

TPS=TPsSIN(RADsT)

RP=RAD*P

KXI=TPS«COS(RP)

KYI=TPS+SIN(RP)

82 .
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1030
1031
1032
1033
* 1034
1038
1036
1037

SUM=0.0

DO 1 K=1,NE
PSI=KXI*X(K)+KYI»T(K)
SUM=SUM+U(K)»SIN(PSI)

CONTINVE

POV=SUMeSUNM

RETURN

END
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